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Abstract 
FREMLING, C. R., J. L. RASMUSSEN, R. E. SPARKS, S. P. COBB, C. F. BRYAN, AND T. O. CLAFLIN. 
1989. Mississippi River fisheries: a case history, p. 309-351. In D. P. Dodge [ed.] Proceedings 
of the International Large River Symposium. Can. Spec. Publ. Fish. Aquat. Sci. 106. 
The Mississippi River (MR) is severely regulated, mainly for transportation and flood control. The 
Headwaters (HW) flow through 9 eutrophic and mesotrophic glacial lakes and 11 dams. Intensive 
channelization of the Upper Mississippi River (UMR) for navigation was begun in 1878, and the river 
is now routinely dredged. Broad, shallow impoundments were created on the UMR when 29 navigation 
dams were constructed during the 1930s to create a slack-water navigation channel 2.7 —m deep between 
St. Louis, Missouri, and St. Paul, Minnesota. The Lower Mississippi River (LMR) has been channelized 
and shortened 229 km, but remains undammed; its natural floodplain has been decreased about 90% by 
levee construction begun in 1727. The Atchafalaya River (AR), a major distributary and distinct ecological 
component, normally receives about 20% of the discharge of the mainstem MR. MR backwaters are 
important fish production and nursery habitats, and most may be lost to sedimentation and eutrophication 
within 50 yr. Louisiana's coastal wetlands are critical to marine fishes and invertebrates, and about 0.6% 
are being lost yearly to natural and human-induced forces, including levees which divert sediment directly 
into the Gulf of Mexico, instead of allowing it to build up the delta during annual floods. Although the 
supply of organic matter (OM) carried downsteam in the main channel exceeds requirements for secondary 
production within the river, the bulk of this OM may be recalcitrant and of little nutritional value to 
invertebrates and fish. 
Distribution of 241 fish species reported from mainstem MR and AR has been influenced mainly by 
glaciation, natural barriers and human activities; species diversity generally increases downstream. 
Estimated annual UMR commercial fish harvest has ranged from 22.9 kg*ha-1 to 32.8 kg*ha-1 with 
standing stock estimates ranging as high as 1.035 kg*ha~" in a tributary mouth of the Middle Missisippi 
River (MMR). Average standing stock in backwaters within the unleveed AR basin is 860 kg*ha_l. 
Annual harvest of sport fish on the UMR ranges from 15.9 kg*ha_l in northern pools to 2.9 kg*ha_1 
in southern pools. Throughout the MR and AR, sport fishing contributes much more to the economy than 
commercial fishing. A positive relation exists between area of inundated AR floodplain and commercial 
harvest of aquatic animals whose life spans approximate one year. There are fewer fishing regulations 
on the LMR and AR than on the HW, UMR, or MMR but they are considered adequate because the fishery 
apparently accomodates local demands. Recent environmental legislation requires mitigation for loss of 
fish and wildlife habitat, as well as rehabilitation of areas already degraded. 
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Le fleuve Mississippi fait l'objet de mesures severes de regularisation des eaux, notamment pour la 
circulation et le controle des crues. Les eaux superieures traversent 9 lacs glaciaires eutrophes et 
mesotrophes et 11 barrages. La canalisation repetee du cours superieur du Mississippi visant a permettre 
la navigation a debute en 1878 et le fleuve est aujourd'hui drague regulierement. De larges bassins de 
retenue peu profonds ont ete menages dans le cours superieur du Mississippi, par suite de la construction 
de 29 barrages pour la navigation dans les annees 1930 en vue de creer un canal de navigation a annulation 
periodique du courant de 2,7 m de profondeur entre St. Louis au Missouri et St. Paul au Minnesota. Le 
cours inferieur du Mississippi a ete canalise et raccourci de 229 km mais aucun barrage n'y a ete construit; 
de plus, la superficie de sa plaine inondable a ete reduite d'environ 90% par la construction de digues 
commencee en 1727. La riviere Atchafalaya, un important defluent du Mississippi qui constitue un 
ecosysteme distinct, regoit normalement 20 % environ du debit du bras principal du Mississippi. Les eaux 
dormantes du fleuve represented d'importants habitats de production et de reproduction des poissons; 
la majeure partie de cette region pourrait bien disparaitre d'ici 50 ans sous l'effet de la sedimentation et 
de l'eutrophisation. Les marais coders de la Louisiane ont une importance vitale pour les poissons et 
invertebres marins; malheureusement, 0,6% de ces marais disparaissent chaque annee sous 1 impact de 
forces naturelles et anthropiques, dont les digues qui forcent les sediments a se deverser directement dans 
le golfe du Mexique au lieu de s'accumuler sur le delta durant les crues annuelles. Bien que la teneur 
en matieres organiques de l'ecoulement du chenal principal depasse les exigences pour la production 
secondaire dans le fleuve, la majeure portion de ces matieres organiques pourrait bien ne pas correspondre 
aux besoins nutritifs des invertebres et des poissons. 
La distribution des 241 especes de poissons observees dans les bras principaux du Mississippi et de la 
riviere Atchafalaya reflete essentiellement la glaciation, les barrieres naturelles et les activites de l'homme; 
la diversite des especes augmente generalement vers l'aval. La recolte annuelle commerciale de poissons 
dans le cours superieur de Mississippi varie, d'apres des estimations, de 22,9 kg*ha_l a 32,8 kg*ha_l 
et le stock actuel atteint 1 035 kg«ha~' dans l'embouchure d'un tributaire du cours moyen du 
Mississippi. Les stocks actuels moyens dans les eaux dormantes du bassin non endigue de la riviere 
Atchafalaya sont de 860 kg*ha_l. La recolte annuelle de poissons de sport dans le cours superieur du 
Mississippi varie de 15,9 kg*ha_1dans les bassins plus au nord a 2,9 kg*ha-1 dans ceux du sud. Dans 
le Mississippi et la riviere Atchafalaya, la peche sportive contribue beaucoup plus que la peche 
commerciale a l'economie. II existe une correlation positive entre les zones inondees de la plaine de la 
riviere Atchafalaya et les recoltes commerciales d'animaux aquatiques dont la duree de vie est d'environ 
un an. Bien que les reglements sur la peche sont moins nombreux pour le cours inferieur du Mississippi 
et la riviere Atchafalaya, que pour les eaux superieures et les cours superieurs et moyens du Mississippi, 
ils sont consideres comme etant adequats puisque les produits de la peche semblent repondre a la demande 
locale. Des lois recentes sur l'environnement prevoient des mesures visant a limiter la perte d'habitats 
de la faune et des poissons ainsi que la rehabilitation des regions deja degradees. 
The Mississippi River (MR), the largest river in North 
America, flows 3 731 km from its source at Lake Itasca, 
Minnesota, to the Head-of-Passes, Louisiana (Fig. 1,2), 
where it splits into several distributaries (passes) and 
extends another 32 km to the Gulf of Mexico. It drains a 
basin of 4 759 049 km2, about one-eighth the area of North 
America, including all or parts of 31 states and 2 Canadian 
provinces. The third longest river in the world, the MR has 
the second largest drainage basin and is the fifth largest river 
worldwide in average discharge (Keown et al. 1981). 
Once vital to the exploration of North America and to the 
colonization and development of the United States, the MR 
has been intensively managed for flood control and for the 
transport of commercial cargoes over the past 200 yr. It is 
navigable upstream to Minneapolis for vessels of 2.7-m 
draft. The MR is flanked by flood-control levees or loessial 
escarpment from New Orleans to Dubuque and is 
impounded by a series of shallow navigation pools from St. 
Louis to Minneapolis. 
For the purposes of this paper, the main stem of the MR 
is divided into four distinct ecological reaches: (1) Head­
waters (HW) from its source (Lake Itasca) to St. Anthony 
Falls, (2) Upper Mississippi River (UMR) from St. Anthony 
Falls to the mouth of the Missouri River, (3) Middle Missis­
sippi River (MMR) from the mouth of the Missouri River 
to the mouth of the Ohio River, and (4) Lower Mississippi 
River (LMR) from the mouth of the Ohio River to the Head-
of-Passes. The Atchafalaya River (AR) (Fig. 2), a major 
distributary, is considered an additional ecological compo­
nent of the MR. Locations along the main stem are given 
as river km above Head-of-Passes (RKM AHP). Important 
sites are mapped in Fig. 1 and 2. 
Physical Features 
Headwaters (HW) 
The HW begins as a first-order stream (Strahler 1952) in 
the bogs and spruce swamps of northern Minnesota's Lake 
Itasca basin, a conifer-hardwood biome that lies within the 
Central Lowland physiographic province (Fenneman 1938). 
Originating as an outflow channel of Lake Itasca at 440 m 
above mean sea level (msl), the HW drops 204 m in its 
824-km course through wetlands, wild rice beds, natural 
lakes, man-made impoundments, and several rapids to its 
southern limit at St. Anthony Falls (Fig. 3). 
The course and character of the HW result from Wiscon­
sin glaciation, which climaxed about 14 000 years before 
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FIG. 1. Headwaters and Upper Mississippi River (USACE 1977, 1982). Technical assistance by C. H. Pennington, 
U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg, MS. 
present (B.P.). The HW flows alternately through sand-
plains, glacial lake beds, and moraine systems. Accord­
ingly, its bed ranges from mud to gravel, boulders, and 
bedrock (Wright 1972a). St. Anthony Falls formed when 
the Glacial River Warren (Glacial Minnesota River) flowed 
over Platteville limestone and eroded the underlying St. 
Peter sandstone (Wright 1972b). The Falls subsequently 
retreated 26 km upstream, decreased in height from 23 to 
12.2 m, and is presently protected by man-made reinforce­
ments. Until locks were constructed, St. Anthony Falls was 
a formidable barrier to upstream movement of fish; for 
many years it was the head of navigation (Waters 1977). 
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FIG. 2. Middle Mississippi, Lower Mississippi, and Atchafalaya rivers (USACE 1982, 1983). Technical assistance by C. H. Penning­
ton, U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg, MS. 
Logging for white and Norway pine, begun in 1856, 
preceded farming in the northern HW area (Waters 1977). 
Virgin forests were gone by 1910, and diversified farming 
was marginally successful in cutover areas; hardwoods 
replaced pines in some areas. Major HW industries, in order 
of economic importance, are logging, recreation, and farm­
ing. The hundreds of lakes in the watershed are ringed with 
summer homes, resorts, and year-round residences. Farther 
downstream, farming and other industry become increas­
ingly important. 
Between Lake Itasca and Lake Winnibigoshish, the HW 
flows alternately as a low-gradient stream with boggy cor­
ridors and a high-gradient stream with forest corridors 
(Kucera and Peterson 1980). Stream slope in the upstream 
700 km varies from 0.05 to 7.2 nrkm-1 (Fig. 3) and 
sinuosity indices range from 1.03 to 4.5; the most sinuous 
reach occurs in the bed of Glacial Lake Aitkin in central 
Minnesota. Sediment discharge increases downstream as 
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FIG. 3. Water surface and thalweg profiles for the Mississippi River. The water-surface profile is for a 10-yr return interval flow event. 
The thalweg profile is schematic and based on average river bottom elevations for reaches of various lengths depending on the availability 
of survey data. In-channel lakes in the headwaters reach, pools and crossings, and locks and dams are not indicated. Q = average 
water discharge, m3«S"'; Qs = average total suspended sediment discharge, t*yr~'; S = water surface slope, m*km_l; P = sinuosity 
index. River kilometres are in parentheses. The thalweg profile above St. Anthony Falls is extremely variable due to flow through 
rapids, impoundments, and lakes. 
forests give way to farmland. Sediment load has ranged 
from 19 140 to 4.3 t*day-1 (U.S. Geol. Sur. 1983a) at 
Anoka (Fig. 3). Depending on velocities, bed load material 
ranges from sand to gravel. 
Eleven dams (Table 1) have replaced several falls and 
rapids. Nine in-channel glacial lakes are found in the HW 
(Table 2), including Lake Winnibigoshish and Lake 
Pokegama, both of which have been dammed as part of a 
U.S. Army Corps of Engineers (USACE) navigation and 
flood-control system that also includes 4 other reservoir 
lakes in the HW watershed. The 6 reservoirs have a com­
bined drainage area of 11 746 km2 and a total water-
surface area of 1 007 km2. Their original purpose was to 
store spring runoff in order to augment low summer flows 
for commercial navigation in the UMR between St. Paul and 
Prairie du Chien, but the 2.7-m channel dams of the 1930s 
made that function unnecessary. The HW reservoir dams 
are now used mainly for flood control, recreation, residen­
tial ammenities, conservation and related uses (USACE 
1977). Erratic flow in the HW is a major factor limiting lotic 
communities. Low flows in late summer, for example, are 
exacerbated by reservoir storage at a time when river tem­
peratures are at their maximum; the addition of waste heat 
from power plants, sewage, industrial waste, and agricul­
tural runoff can cause unsatisfactory water quality condi­
tions (Enblom 1977). 
Since 1980, the upper 640 km of the HW have been under 
the purview of the Mississippi Headwaters Board, an eight-
county tax-supported coalition with enforcement powers 
and comprehensive zoning ordinances (Goff et al. 1981). 
Upper Mississippi River (UMR) 
The UMR, a 9th- to lOth-order alluvial river (Strahler 
1952), drains most of the Central Lowland physiographic 
province. It began its evolution about 500 000 years B.P. 
as an ice-marginal stream, incising its valley into sedimen­
tary rocks as it flowed along the edge of the Nebraskan 
glacier. About 12 000 years B.P., the retreating late Wis­
consin glacier blocked its own drainage into Hudson Bay, 
forming Glacial Lake Agassiz. For about 3 000 yr, high 
flows were maintained in the MR by overflows from Lake 
Agassiz via the Glacial River Warren and from Glacial Lake 
Superior via the St. Croix River. During this period, the 
TABLE 1. Locks and/or Dams in Headwaters and Upper Mississippi River. 
Name Rkma Purpose Date Headb 
(m) 
Owner 
Stump Lake 3613.8 Hydroelec. 1908 8.2 Ottertail Power 
Cass Lake 3588.5 Regul. lake level 1928 0.9 U.S. Forest Serv. 
Winnibigoshish 3543.9 Reservoir 1891 5.1 COEc 
Pokegama 3439.9 Reservoir 1884 2.9 COE 
Blandin 3434.5 Pulp. stor. 1902 7.0 Blandin Paper 
Brainerd 3150.1 Hydroelec. 1888 7.0 Potlatch 
Little Falls 3088.1 Hydroelec. 1887 7.3 Minnesota Power 
Blanchard 3073.8 Hydroelec. 1927 13.1 Minnesota Power 
Sartell 3035.3 Hydroelec. 1904 5.9 Champion Intl. 
St. Cloud 3025.5 Hydroelec. 1887 5.9 City 
Coon Rapids 2928.8 Recreation 1906 6.1 County 
Up. St. Anthony 2910.2 Navigation 1963 14.9 COE 
Lo. St. Anthony 2909.6 Navigation 1956 8.2 COE 
Lock & Dam 1 2900.3 Hydro/Nav 1917 11.5 Ford Co./COEd 
Lock & Dam 2 2848.1 Navigation 1931 3.7 COE 
Lock & Dam 3 2818.6 Navigation 1938 2.4 COE 
Lock & Dam 4 2747.1 Navigation 1935 2.1 COE 
Lock & Dam 5 2720.7 Navigation 1935 2.7 COE 
Lock & Dam 5 A 2708.5 Navigation 1936 1.7 COE 
Lock & Dam 6 2685.6 Navigation 1936 2.0 COE 
Lock & Dam 7 2666.6 Navigation 1937 2.4 COE 
Lock & Dam 8 2629.1 Navigation 1937 3.3 COE 
Lock & Dam 9 2578.7 Navigation 1937 2.7 COE 
Lock & Dam 10 2525.9 Navigation 1937 2.4 COE 
Lock & Dam 11 2474.2 Navigation 1937 3.3 COE 
Lock & Dam 12 2431.9 Navigation 1939 2.7 COE 
Lock & Dam 13 2376.8 Navigation 1939 3.3 COE 
Lock & Dam 14 2329.8 Navigation 1939 3.3 COE 
Lock & Dam 15 2313.1 Navigation 1934 4.8 COE 
Lock & Dam 16 2271.7 Navigation 1937 2.7 COE 
Lock & Dam 17 2239.3 Navigation 1939 2.4 COE 
Lock & Dam 18 2196.5 Navigation 1937 3.0 COE 
Lock & Dam 19 2122.0 Hydro/Nav 1913 11.6 Union Elec. Co/COEe 
Lock & Dam 20 2088.2 Navigation 1936 3.0 COE 
Lock & Dam 21 2058.7 Navigation 1938 3.2 COE 
Lock & Dam 22 2020.6 Navigation 1938 3.1 COE 
Lock & Dam 24 1975.8 Navigation 1940 4.5 COE 
Lock & Dam 25 1924.3 Navigation 1938 4.5 COE 
Lock & Dam 26 1862.3 Navigation 1938 7.3 COEf 
Lock & Canal 27 1834.1 Navigation 1953 9.1 COE 
aRiver km above Head-of-Passes. 
bHead values for minimum flow. 
cCorps of Engineers. 
dNew lock operational in 1931. 
eOriginally hydroelectric dam with 600-ft lock, 1200-ft lock added in 1958. 
fTo be replaced by new dam and 1200-ft lock to be operational in November, 1989. Construction of a second 600-ft lock was begun 
in 1988. 
TABLE 2. Physical characteristics of lakes through which the HW flow sequentially. Data from Minnesota lake survey reports and per­
sonal communication with H. Latvala, D. Johnson, and D. Holmbeck of the Minnesota Dep. Nat. Resources. 
Area Littoral Max. depth Mean depth Shoreline Total alk. Trophic 
(km2) area( %) (m) (m) length (km) mg'kg"1 state 
Itasca (source) 4.4 42 12.2 5.5 22.1 134 eutrophic 
Irving 2.5 90 4.9 2.4 7.9 174 eutrophic 
Bemidji 26.0 29 23.2 9.5 23.8 163 eutrophic 
Stump 1.2 81 7.3 2.4 13.0 154 eutrophic 
Big Wolf 4.3 34 17.7 8.5 11.9 160 eutrophic 
Andrusia 6.2 28 18.3 7.9 15.0 158 eutrophic 
Cass 63.1 20 36.6 7.6 62.8 157 eutrophic 
Winnibigoshish 216.2 35 21.4 — 73.3 154 mesotrophic 
Pokegama 26.8 30 34.2 — 70.5 109 mesotrophic 
river incised deeply (as much as 90 m) into the valley. 
As the glacier retreated northward, drainage was reestab­
lished to the north and east, causing the flow from Lake 
Agassiz and Lake Superior to cease; consequently, the val­
ley partially filled with glacial outwash sediments of sand 
and gravel (Simons et al. 1975). Valley filling continues 
today at a slow rate (Lane 1957). Terraces or remnants of 
ancestral floodplains presently flank the valley. Most of the 
UMR drainage basin is mantled with a thick layer of loess, 
the result of eolian transport of glacial materials prior to the 
development of extensive vegetation. 
The alternating broad and narrow reaches of the present 
UMR reflect the structure of the gently dipping Paleozoic 
rocks into which it is incised. Broad reaches occur where 
softer sandstones have been eroded, leaving high bluffs of 
resistant rock; narrow reaches are found where resistant 
carbonate formations dip down to the river level (Wright 
1972b; Hallberg et al. 1984). 
The UMR drops only about 80 m as it flows 1 148 km 
from the foot of St. Anthony Falls to the confluence of the 
Missouri river (Fig. 3). Discharge is highly variable (Fig. 
4), sediment load increases, and sinuosity decreases (Fig. 
3). 
Modification of the UMR and its watershed proceeded 
rapidly after the first steamboat travelled upstream to St. 
Anthony Falls in 1823. In 1824, the US ACE began remov­
ing snags and sandbars, excavating rock to eliminate rapids, 
and damming sloughs to confine flows in the main channel 
(Fremling and Claflin 1984). These alterations enabled 
shallow-draft steamboats to use the river and its tributaries 
as water highways to the sea. Erosional processes in the 
watershed were accelerated as settlers logged the forests, 
grazed and plowed the prairies, and practiced steepland 
agriculture. 
In 1878, the US ACE began channelizing the river for 
navigation from the mouth of the Ohio River to Minneapolis 
by constructing wing dikes and revetments, closing side 
channels, and dredging. The wing dikes, constructed of 
rock and brush, extended outward like piers from the shore 
at right angles to the main channel and diverted flow into 
a single low-water channel, forcing the river to scour its 
channel to a minimum depth of 1.4 m. Between 1907 and 
1912, additional channelization deepened the main channel 
to 1.8 m from the mouth of the Missouri River to Min­
neapolis. 
LMR (Vicksburg, MS) 
MMR (St. Louis. MO) 































FIG. 4. Average monthly water discharge for the Lower Missis­
sippi at Vicksburg, the Middle Mississippi at St. Louis, and the 
Upper Mississippi at Alton. Data based on daily gauge readings 
for 1930-75 (Tuttle and Pinner 1982). 
A 2.7-m navigation channel with a minimum width of 
121 m was achieved in the 1930s by a system of locks and 
dams (Table 1), by dredging, and by additional dike con­
struction. Navigation dams transformed the free-flowing 
UMR into a series of shallow impoundments that occupy 
much of the river floodplain in the northern UMR reaches. 
The dams serve no flood control function. Only Lock and 
Dam (L&D) 1 and 19 presently produce electricity, but 
other hydropower projects are under consideration. 
Navigation pools typically consist of three hydrologi-
cal/ecological zones: (1) the tail water reach downstream 
from a lock and dam, where open river conditions with 
wooded islands and deep sloughs are found; (2) the mid-
pool reach, a transition area that contains flooded prairies 
and marshy areas; and (3) the downstream pool reach, 
where reservoir conditions prevail. 
Middle Mississippi River (MMR) 
The MMR traverses three physiographic provinces: the 
Central Lowlands, the Ozark Plateaus, and the Mississippi 
Embayment of the Gulf Coastal Plain. Downstream from St. 
Louis, the MMR floodplain extends about 160 km to 
Thebes Gap as a 5- to 7-km trench cut 120-150 m into 
Paleozoic bedrock. Limestone bluffs as high as 120 m form 
the valley walls. The river enters the Mississippi Embay­
ment at Thebes Gap, a gorge cut through Shawneetown 
Ridge about 9 000 years B.P. The MMR floodplain then 
widens abruptly to about 80 km from Thebes Gap to the 
mouth of the Ohio River (Simons et al. 1975). 
The MMR's modern course was established during late 
Wisconsin glaciation when the ancestral river was diverted 
near Rock Island from a segment of the Illinois River Valley 
to its present location. MMR meander belt position has been 
stable along the western valley wall for at least 200 yr. 
Meander scars on the flood plain indicate that the river was 
more mobile in the past. 
The fluvial landscape of the MMR is principally the main 
channel, secondary channels, sandbars, islands and a few 
abandoned channels. The MMR has been extensively diked 
to maintain a 2.7-m navigation channel, and flood control 
levees have narrowed the floodplain. MMR surface area in 
1968 was 260 km2 (17 % islands, 83 % riverbed), 39 % less 
than in 1888 when the river was in a more natural state. The 
physical and limnological characteristics of the MMR are 
greatly influenced by the large input of sediment from the 
Missouri River. 
The MMR flows 314 km from the mouth of the Missouri 
to the mouth of the Ohio. It is not markedly sinuous (Fig. 
3), except in the reach located in the Mississippi Embay­
ment, where the floodplain is comparatively wide. Top bank 
width of the MMR averages 975 m. The MMR receives 
about 60 % of its flow from the Mississippi basin and about 
40% from the Missouri basin. Maximum recorded dis­
charge was 36 790 m3»s_l in 1844; the minimum was 
509 m3»s~' in 1863. Annually, peak flow occurs in Aprii 
and low flow in December (Fig. 4). Mean annual discharge 
has changed little in the past 110 yr, but the rating curve 
has shifted upward for all discharges greater than 
8 490 m3»s_1 and has shifted downward for discharges 
below this level. Upward shift during high flow is at least 
partially a result of contraction of the high-water channel by 
dikes and loss of floodplain capacity due to leveeing and 
development. In case of low flows, the downward shift can 
be partially attributed to degradation of the low-water chan­
nel by wing dikes (Simons et al. 1975). River stage fluctu­
ates as much as 15 m annually, effectively dewatering some 
secondary channels during low stages. 
MMR sediment load has declined 66% from pre-1935 
levels, mainly due to sediment entrapment in Missouri River 
impoundments. The MMR presently receives about 80 % of 
its average suspended sediment load from the Missouri and 
about 20% from the UMR (Tuttle and Pinner 1982). Sus­
pended sediment load of the MMR at St. Louis averages 
47 % clay, 38 % silt, and 15 % sand. Bed material is approxi­
mately 70% medium-to-coarse sands (Keown et al. 1981). 
Lower Mississippi River (LMR) 
The LMR courses southward 1 570 km from the mouth 
of the Ohio River to the Gulf of Mexico and lies within the 
Central Gulf Coastal Plain physiographic province. A 
northward extending lobe of this province, known as the 
Mississippi Embayment, follows the axis of the Mississippi 
structural basin and comprises the northern part of the LMR 
valley (Schumm et al. 1982). 
The southward-trending LMR and its valley are appar­
ently a result of the derangement of continental drainage pat­
terns following initiation of Nebraska glaciation, about 
1.5 million years B.P. During the subsequent five cycles of 
continental glaciation and eustatic changes (100-200 m) in 
Gulf of Mexico surface levels, the valley enlarged progres­
sively, degrading and filling alternately with glacial out-
wash sediments and alluviums. The ancestral LMR was a 
braided stream during waning glaciation, characterized by 
large inflows of glacial meltwater and sediments (Saucier 
1974). 
Subsequent to the climax of Wisconsin glaciation, the 
ancestral LMR began a gradual up-valley transformation 
from a braided to a meandering stream. By about 
12 000 years B.P., a meandering regime was evident as far 
upstream as Baton Rouge and by 9 000 years B.P. as far 
upstream as Memphis. The river subsequently changed 
course from the basin's western to eastern lowlands due to 
diversion through Thebes Gap at the head of the LMR val­
ley. Since then, the LMR has occupied five Holocene 
meander belts. It has occupied the present belt since about 
2 800 years B.P. and exhibits a meandering regime 
throughout, except in the deltaic region south of New 
Orleans (Saucier 1974, 1981). 
The natural floodplain of the extant river includes about 
90 674 km2 of the valley, which is approximately 
1 060 km long and varies in width from 40 to 200 km (Fisk 
1944). Natural floodways in the present meander belt 
(mainly the St. Francis, Yazoo and Boeuf-Tensas basins) 
historically carried excess floodwaters. Today, the flood-
plain subject to direct riverine overflow is reduced to 
approximately 10 120 km2 by an extensive levee system. 
Modification of the LMR began when the French con­
structed levees at New Orleans in 1727. By 1844, levees 
were continuous along the west bank northward to the 
Arkansas River and to Baton Rouge on the east bank. Much 
of the levee system deteriorated during the American Civil 
War in the 1860s, but work was resumed by the U.S. Mis­
sissippi River Commission (MRC) in 1882. To date, there 
are 3 532 km of levees, 2 587 km of which are main line 
levees. Levees have eliminated major natural floodways and 
reduced the land area of the floodplain by more than 90 %. 
Levee construction isolated many floodplain lakes and 
raised river flow lines; as a result 15 meander loops were 
severed between 1933 and 1942 to decrease stages. The 
cutoffs shortened the river 229 km, increased stream slope 
and current speed, and created several large floodplain lakes 
(Tuttle and Pinner 1982). Alignment of the channel has been 
stabilized by construction of about 1 368 km of revetment. 
Approximately 113 systems consisting of 331 km of dikes 
have been built upstream from RKM 515 AHP. The dike 
systems decrease width and increase depth of the main navi­
gation channel at low flows, reduce divided flow conditions, 
adjust channel alignment, and increase channel stability. In 
spite of the levee system, the great 1973 flood inundated 
about 48 560 km2. 
Holocene alluvium of the river's modern leveed flood-
plain contains meander belts, backswamps, and deltaic 
plains (Fisk 1944; Saucier 1974). Meander belts contain 
abandoned channels (e.g., oxbow lakes), pointbars, and nat­
ural levees formed by lateral river migration. Backswamp 
areas are flood basins that border on and are lower than the 
natural meander belt and receive fine-grained suspended 
sediments from floodwaters. 
The LMR is more sinuous than the MMR or UMR, with 
the most sinuous segment (SI 1.77) occurring in the 267-km 
reach downstream from the Old River Control Structure at 
RKM 515. Top bank width of the LMR averages 1 658 m; 
channel width at low flow (97 % exceedance discharge) 
averages 903 m (Tuttle and Pinner 1982). About 58 % of the 
average flow is from the Ohio River and about 38 % is from 
the MMR at their confluence. The annual LMR hydrograph 
is highly variable (Fig. 4); stage may fluctuate as much as 
15 m in a given year. At the Old River Control Structure, 
about 20 % of mainstem discharge is diverted into the Atch-
afalaya (AR) distributary. At the Head-of-Passes the LMR 
channel diverges into five major distributary channels, 
which convey flow into the Gulf. 
Average annual LMR suspended sediment load at Vick-
sburg is 280 390 t*yr-1 and has declined about 48 % since 
the 1960s. About 43 % of this suspended sediment comes 
from the MMR, about 31 % from the Ohio River, and the 
remainder from other tributary basins; approximately 37 % 
of the sediment load is diverted from the LMR into the AR 
distributary at the Old River Control Structure. Suspended 
sediment load contains 61 % silt-clay at Vicksburg. Bed 
material grades from coarse sands and gravel in the upper 
LMR reaches to fine sand, silt, and clay near the mouth 
(Keown et al. 1981). 
Atchafalaya River (AR) and Estuarine Environments 
About 400 years B.P., the AR became a natural LMR dis­
tributary when the same LMR meander loop receiving the 
Red River also intercepted the AR (Fig. 2). Log debris and 
sediments formed a plug, however, which prevented the AR 
from capturing LMR discharge. In 1831, excavation and 
debris removal began, causing the Old River meander loop 
to become a new connection between the LMR and the AR. 
Low-sill dams were built across the lower portion of the 
meander and across the Red River to direct excess flood 
water down the AR without stemming navigation between 
the LMR and the Red River. A navigation lock, completed 
in 1962, allows shallow draft navigation between the two 
rivers (Hebert 1967). 
The AR, with a three-to-one advantage in bed slope over 
the LMR, has since become a principal distributary for the 
MR. Under natural conditions, the MR would probably 
have changed its route to the Gulf via the AR sometime 
between 1965 and 1975, thereby causing irreversible deteri­
oration of the MR main stem downriver from Baton Rouge 
(Lower Miss. Reg. Compr. Study Coord. Comm. 1974). If 
this change had occurred, Baton Rouge, New Orleans, and 
other river cities might have lost their source of fresh water 
during periods of low flow; river transportation might have 
been curtailed; and flood-control and navigation structures 
could have been lost (Keown et. al 1981). 
The Old River Control Structure, operational in 1963, 
prevents capture of the MR by the AR. An additional facil­
ity, the Auxilliary Structure, became operational in 1986. 
During normal flows, the AR drains 30% of combined 
LMR and Red River flows to the Gulf; in terms of discharge 
it is the 6th largest North American river (Iseri and Lang-
bein 1984). Its basin is North America's largest bottomland 
hardwood swamp (Glasgow and Noble 1974). 
The 50 000-km2 deltaic plain of the MR was formed dur­
ing the past 8 000 years by a delta switching process 
whereby the river successively abandoned one delta site for 
another as it continuously found shorter paths to the Gulf 
of Mexico. The plain is dominated by an extensive network 
of distributary channels and natural levees that radiate out­
ward from the MR main stem near Baton Rouge and extend 
southward into the Gulf (Frazier 1967; Penland and Boyd 
1985). Normally, new deltas are created as abandoned ones 
are destroyed by wave action or currents. In recent years, 
however, this equilibrium has been altered, thereby 
jeopardizing Louisiana's coastal wetlands. 
Louisiana's Coastal Zone contains 41 % of U.S. coastal 
wetlands and 25% of all U.S. wetlands. It is one of the 
world's largest and richest estuarine areas, but its wetlands 
are being converted to open water or non-wetland habitats 
at the rate of over 130 km2»yr-1 (0.6%*yr_1) by natural 
and human-induced forces (Penland and Boyd 1985). Obvi­
ous human causes of accelerated wetland deterioration 
include inland movement of salt water via the intracoastal 
waterway, interception of alongshore sediment transport by 
jetties and seawalls, weakening of the barrier island profile 
by oil and gas pipelines and access canals, and pollution of 
many types. Especially critical is the erosion of Louisiana's 
barrier islands, which serve as the first line of defense 
against hurricane and tropical storm impacts and prevent 
destruction of freshwater swamps and marshes by the intru­
sion of salt water. 
Rising relative sea levels (1.2-4.3 cm*yr_1) along the 
MR deltaic plain are apparently causing increased rates of 
transgression of delta complexes (Penland and Boyd 1985). 
About 20% of the rise may be attributed to eustatic 
processes (e.g., global melting of ice caps), but 80% may 
be caused by subsidence due mainly to normal compaction 
of sediments, but also to man's removal of water, oil, and 
natural gas. 
Normal delta building processes are also being upset by 
human modifications of the sediment transport regimen. 
About 20% of mainstem MR suspended sediment load is 
diverted to the AR. The remaining sediment is carried 
toward the Gulf but is impeded by an intrusive wedge of salt 
water that causes a portion of the sediment to settle out 
where it adversely affects navigation. Continued sediment 
deposition causes the 10.7-m contour at the mouth of the 
MR to advance seaward at about 30 m»yr_1 (Smith 1963). 
The input of sediment to shallow-water deltas has been cur­
tailed by the closing of distributary channels (e.g., La 
Fourche River in 1904). Additional sediment is lost by 
directing it into the depths of the Gulf beyond the continental 
shelf via the LMR passes. Further, the suspended sediment 
load of the MR has decreased markedly in the last half cen­
tury because of changing land-use practices and sediment 
storage in reservoirs of the MR watershed (Keown et al. 
1981; Fremling 1988). At present, only the delta of the AR 
is growing; all others are degrading because of insufficient 
sediment input (Penland and Boyd 1985). Ironically, while 
upstream MR fishery habitats are being lost to sedimenta­
tion, decreased sedimentation in the delta area is causing the 
loss of nursery habitats and preventing the creation of new 
ones. LMR and AR estuarine environments are critical 
production areas for marine fishes and invertebrates. 
Indeed, they are the major reason that commercial landings 
in Louisiana currently account for 30 % of all U.S. landings 
(U.S. Dept. Comm. 1986). 
Water Quality 
In general terms, the MR discharges hard, slightly alka­
line, nitrogen- and phosphorus-enriched water (Table 3). 
While hardness and alkalinity generally decrease down­
stream, nutrients increase until RKM 430 and then diminish 
to the mouth of the river. Nitrogen and phosphorus concen­
trations exceed generally accepted critical levels which, 
when combined with morphological, hydrological, and cli­
matic factors, can lead to excessive primary productivity 
(Claflin et al. 1981), were it not for high turbidity, light 
attenuation, and turbulence (Bryan et al. 1974a). 
Fluctuations in suspended sediments and nutrients from 
the watershed are generally associated with variations in dis­
charge and with the proximity of monitoring stations to 
plumes of major tributaries. High spring runoff elevates 
concentrations of suspended solids, nitrogen, and phospho­
rus, particularly on the increasing limb of the spring flood. 
However, as spring floods progress, dilution causes sus­
pended solids to diminish in the LMR (Everett 1971; Bryan 
et al. 1974a; Hartzog 1975; Wells 1980). 
Suspended solids increase downstream, peaking at St. 
Louis due to the influence of the Missouri River (Table 3). 
From there, suspended solids gradually decrease down­
stream (except at Arkansas City where the White and 
Arkansas rivers cause an increase) to RKM 16 at Venice, 
Louisiana, where an additional 20 % of suspended solids set­
tle out because of the river's approach to sea level (Wells 
1980). The AR is usually higher in suspended solids than 
a comparable portion of the LMR because of high inflow 
from the Red River (Wells and Demas 1977). 
Specific conductance generally increases downstream, 
reaching its peak at St. Louis due to the influence of the Mis­
souri River. Increase in dissolved solids is caused primarily 
by sulfates and chlorides that enter the MR from western 
drainages (Platner 1946; Livingstone 1963). In the AR, dur­
ing periods of low water in late summer and fall, sulfates 
and chlorides increase due to the overriding influence of the 
Red River and the brine wastes from oil exploration. The 
TABLE 3. Water chemistry parameters (average and range) at representative sites along the Mississippi River and Atchafalaya River. 
Distances on the MR are upstream from Head-of-Passes; on the AR they are upstream from the point at which the river meets mean 
sea level. 
Location and Specific pH Alkalinity Hardness Total Ortho- Nitrogen Nitrogen Sus­ Turbidity 
river km AHP conductance (mg*L-1 (mg»L-1 phosphorus phosphorus (N02 + (amm. + pended (NTU) 
or MSL (/imhos'cm-1) as CaC03) as CaC03) (mg-L-1 (mg-L-1 N03) org) sediments 
as P) as P) (mg'L 1 (mg«L-1 (mg'L-1) 
as N) as N) 
aLake Itasca 
Outlet, MN 311 7.9 184 174 0.05 0.02 0.16 0.14 4.2 2.5 
3710 (279-390) (7.6-8 .3) (170-230) (160-220) (0.03-0.09) (0.01-0.03) (0.11-0.22) (0.05-0.37) (1.5-11.2) (1.2-5.0) 
aStump Lake Dam, MN 301 8.2 178 176 0.07 0.03 0.13 0.13 7.0 2.1 
3592 (270-370) (8.0-8 .3) (150-210) (150-200) (0.05-0.10) (0.01-0.06) (0.11-0.23) (0.32-1.12) (2.1-11.1) (1.2-4.2) 
aSt. Paul. MN 380 8.3 165 220 0.13 0.11 2.60 0.90 18.0 6.6 
2904 (330-495) (8.1-8 •8) (123-171) (150-240) (0.10-0.15) (0.05-0.12) (0.11-0.33) (0.60-1.50) (7.0-25.0) (4.4-7.0) 
aKeokuk, IA 410 7.9 155 195 0.28 0.12 3.40 1.00 240.0 34.0 
2122 (365-515) (7.3-8 • 1) (139-186) (180-250) (0.15-0.47) (0.08-1.50) (1.10-5.70) (0.90-2.90) (31-418) (10-74) 
bSt. Louis. MO 495 7.8 156 200 0.51 0.82 2.90 2.90 340.0 97.0 
1832 (373-628) (7.6-8 .3) (114-193) (160-240) (0.18-0.80) (0.05-0.11) (1.20-4.00) (1.10-5.00) (92-596) (19-300) 
cMemphis, TN 385 7.8 103 148 0.38 0.24 1.35 1.10 259.0 86.0 
1183 (270-500) (7.4-8 •5) ( 67-140) ( 96-200) (0.10-0.67) (0.04-0.44) (0.70-3.00) (0.10-2.10) (24-495) (2-170) 
cArkansas City, AR 422 7.8 105 142 0.31 0.20 1.31 1.31 283.0 70.0 
891 (295-550) (7.5-8 •4) ( 66-143) ( 74-210) (0.07-0.54) (0.04-0.35) (0.73-2.90) (0.31-2.30) (35-532) (1-140) 
dSt. Francisville, LA 410 7.9 109 162 0.53 0.22 0.68 0.98 250.0 163.0 
430 (155-645) (7.3-8 .5) ( 23-190) ( 85-320) (0.00-4.70) (0.00-4.70) (0.20-7.90) (0.00-2.43) (150-1200) (28-360) 
eAtchafalaya River 
Mellville, LA 385 7.4 105 144 0.15 0.09 1.20 0.76 297.0 85.0 
188 (176-699) (6.6-8 • 1) ( 48-142) ( 60-190) (0.08-0.33) (0.02-0.24) (0.30-2.60) (0.30-3.40) (90-844) (9-190) 
bNew Orleans, LA 445 7.5 101 162 0.21 0.12 1.90 0.60 190.0 67.0 
161 (338-528) (6.9-8 •1) ( 87-121) (130-190) (0.17-0.38) (0.09-0.19) (0.06-2.30) (0.40-0.80) (43-377) (4-80) 
fAtchafalaya River 356 7.2 122 138 0.22 0.13 0.90 1.70 260.0 85.0 
Morgan City, LA (182-694) (6.5-8 •2) ( 25-180) ( 89-190) (0.04-0.72) (0.00-0.32) (0.20-2.20) (0.40-7.50) (16-904) (4-220) 
aU.S. Geological Survey 1983a. 
bU.S. Geological Survey 1983b. 
CU.S. Geological Survey 1983c. 
dEverett (1971), Bryan et al. (1974a). 
eWells and Demas (1977), Carlson et al. (1982, 1983, 1984). 
'Bryan et al. (1974b, 1975), Bryan and Sabins (1978), Holland et al. (1983b), Carlson et al. (1982, 1983, 1984). 
AR takes on the character of the MR during the remainder 
of the year, since most of its discharge is MR water. 
Other impacts on water quality can be observed in the 
pooled reaches of the UMR downstream from urban areas. 
For example, treated sewage from Minneapolis/St. Paul 
enters the UMR approximately 56 km upstream from Lake 
Pepin, a natural river impoundment created by the 
Chippewa River delta. Lake Pepin serves as a settling basin 
for pollutants and has become enriched with nutrients and 
heavy metal contaminants (Bailey and Rada 1984) and poly-
chlorinated biphenyls (PCBs) (Mauck and Olson 1977). In 
pooled UMR reaches there are additional inputs of 
autochthonous nitrogen and phosphorus from backwater 
areas. 
Among three LMR stations (main channel, abandoned 
channel, and dike field at RKM 504-566) during low flow, 
Sabol et al.(1984) found the main channel to be highest in 
nitrite-nitrate nitrogen, total phosphorus, dissolved 
orthophosphorus, turbidity, and detritus; the abandoned 
channel was lowest for these paramenters. Highest 
chlorophyll-# concentrations and zooplankton densities 
occurred in the abandoned channel. During flood condi­
tions, physical, chemical, and biological parameters were 
similar in all three habitats. Water quality within dike fields 
was variable, depending on whether lentic or lotic condi­
tions prevailed. During low flow, thermal stratification and 
hypolimnetic anoxia may occur in abandoned channels and 




Common and scientific names, distribution, relative 
abundance, and current status of MR fish species are listed 
in Table 4. Distribution maps and basic biological informa­
tion on fishes of North America have been compiled by Lee 
et al. (1980). Of the 260 truly freshwater species respresent-
ing 13 families in the entire MR basin (Hocutt and Wiley 
1986), 195 species in the main stem of the MR and AR com­
prise nearly one-third of the approximately 600 freshwater 
fishes known in North America (Moyle and Cech 1982). 
When saltwater or anadromous forms are included, the 
complexity grows by 46 species included in 19 families and 
37 genera, all of which are reported only from the LMR and 
AR basins. A general downstream increase in diversity 
occurs with 67 taxa found in the HW, 132 in the five UMR 
TABLE 4. Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 









[IA,KY]C R R U U O 0 X 
Southern brook lamprey 
{Ichthyomyzon gagei) X X X 
Silver lamprey 
(.Ichthyomyzon unicuspis) 0 0 O 0 U U X X X 
Carcharhinidae 
Bull shark (Carcharhinus 
leucas) H ? X 
Dasyatidae 
Atlantic stingray (Dasyatis 
sabina) ? X 
Bluntnose stingray (Dasyatis 
sayi) X X 
Acipenseridae 
Lake sturgeon (Acipencer 
fulvescens) 
[MN,WI,IA,IL,MO,TN,KY] U R R R R R 
Atlantic sturgeon 
(Acipenser oxyrhynchus) R R R 
Pallid sturgeon 
(Scaphirhynchus albus) 
[IA,MO,KY] R R R R R 
Shovelnose sturgeon 
{Scaphirhynchus platorynchus) 0 0 0 0 O 0 C 0 C 
Polyodontidae 
Paddlefish (Polyodon spathula) 
[MN,WI,KY] R R 0 0 O 0 0 0 O 
Lepisosteidae 
Spotted gar (Lepisosteus 
oculatus) U R C O C 
Longnose gar (Lepisoteus 
osseus) 0 c c c c c 0 C C R 
Shortnose gar (Lepisosteus 
platostomus) H C C C C C A O C R 
Alligator gar (Lepisosteus 
s/?ata/a)[IL,MO,KY,TN] R R O U C 
Amidae 
Bowfin (Amia calva) O O C C C C C 0 C O C 
Elopidae 
Ladyfish (Elops saurus) X X 
Tarpon (Me galops atlanticus) ? X 
Anguillidae 
American eel (Anguilla 
rostrata)[ WI] H 0 O U U 0 U U u u 
Ophichthidae 
Speckled worm eel (Myrophis 
punctatus) X 
31 
TABLE 4. (cont'd) Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 
(UMR-4); Pools 20-26 (UMR-5); Middle River (MMR); Cairo to New Orleans (LMR-1); New Orleans to Head-of-Passes (LMR-2). 
Reach 
Family 




Alabama shad (Alosa 
alabamae) [I A, MO, K Y] 
Skipjack herring {Alosa 
chrysochloris) ]MN,WI,IA] 
Gulf menhaden (Brevoortia 
patronus) 
Gizzard shad (Dorosoma 
cepedianum) 
Threadfin shad (Dorosoma 
petenense) 
R R R 












Bay anchovy (Anchoa 
mitchilli) 
Hiodontidae 
Goldeye (Hiodon alosoides) 
[WI] 
Mooneye (Hiodon tergisus) 
Salmonidae 
Cisco (Coregonus artedii) 
[IL] 
Lake whitefish (Coregonus 
clupeaformis) [IL] 
Rainbow trout (Salmo 
gairdneri) 
Brown trout (Salmo trutta) 
Brook trout (Salvelinus 
fontinalis) 
Osmeridae 
Rainbow smelt (Osmerus 
mordax) 
U U R 
c c c 
X X X X X X 
X X X X 
X X X X 
X X X 
Umbridae 
Central Mudminnow (Umbra 
//m/)[AR,KY] A 
Esocidae 
Grass pickerel (Esox 
americanus vermiculatus)[IA] 
Northern pike (Esox lucius) C 
Muskellunge (Esox 
masquinongy) O 





Goldfish (Carassius auratus) 
Common carp (Cyprinus 
carpio) O 
Grass carp (Ctenopharyngodon 
idella) 
Silverjaw minnow (Ericymba 
buccata) [TN] 
X 





X X X X X X X X 
X X X X X u u u 
A A A A A A A A 
R X X X U U U U 
X X X X 
TABLE 4. (cont'd) Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 
(UMR-4); Pools 20-26 (UMR-5); Middle River (MMR); Cairo to New Orleans (LMR-1); New Orleans to Head-of-Passes (LMR-2). 
Reach 
Family 
speciesb HWL HWR UMR-1 UMR-2 UMR-3 UMR-4 UMR-5 MMR LMR-1 LMR-2 
Atchafalaya 
River 
Western silvery minnow 
(Hybognathus argyritis) 
Brassy minnow (Hybognathus 
hankinsoni) 
Cypress minnow (Hybognathus 
hayi)[KY] 
Mississippi silvery minnow 
{Hybognathus nuchalis) 
Plains minnow (Hybognathus 
placitus)[ KY] 
Speckled chub (Hybopsis 
aestivalis)[ WI] 
Clear chub (Hybopsis 
winchelli) 
Sturgeon chub (Hybopsis 
ge//da)[IA,MO,KY] 
Flathead chub {Hybopsis 
gracilis)[KY] 
Sicklefin chub {Hybopsis 
m^£/)[IA,MO,KY] 
Silver chub {Hybopsis 
storeriana) 
Gravel chub {Hybopsis 
x-punctata)[ WI,IA,KY] 
Hornyhead chub {Nocomis 
biguttatus)[ KY] 
Bluehead chub {Nocomis 
leptocephalus) 
Golden shiner {Notemigonus 
crysoleucas) 
Pallid shiner {Notropis 
amnis)[ WI,MO,KY] 
Pug nose shiner {Notropis 
a«og<?nws)[MN,WI,IA,IL] 
Emerald shiner {Notropis 
atherinoides) 
Blackspot shiner {Notropis 
atrocaudalis) 
Red River shiner {Notropis 
bairdi) 
River shiner {Notropis 
blennius) 
Bigeye shiner {Notropis 
boops) 
Ghost shiner {Notropis 
buchanani)[ WI] 
Bluntface shiner {Notropis 
camurus)[ KY] 
Ironcolor shiner {Notropis 
chalybaeus) 
Striped shiner {Notropis 
chrysocephalus)[Wl\ 
Common shiner {Notropis 
cornutus) 
Bigmouth shiner {Notropis 
dorsalis) 































A A A A A C A A A 
X X X X o O 
H H R C C O R R U 
X 
X X X 
X X X X 
O 0 R R R 
O 0 0 O 0 X 
R R R U H u R u 
TABLE 4. (cont'd) Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 
(UMR-4); Pools 20-26 (UMR-5); Middle River (MMR); Cairo to New Orleans (LMR-1); New Orleans to Head-of-Passes (LMR-2). 
Reach 
Family Atchafalaya 
species'5 HWL HWR UMR-1 UMR-2 UMR-3 UMR-4 UMR-5 MMR LMR-1 LMR-2 River 
Ribbon shiner (Notropis 
fumeus) X X X 
Blackchin shiner (Notropis 
heterodon) A C O 
Blacksnose shiner (Notropis 
heterolepis)[lA, IL, MO] A 0 R 
Bluehead shiner {Notropis 
hubbsi) X 
Spottail shiner (Notropis 
hudsonius)[ KY] C C C c c c c R R 
Longnose shiner {Notropis 
longirostris) U u o 
Red shiner {Notropis lutrensis) 
[WI] u c c C 0 o o 
Taillight shiner {Notropis 
maculatus)[ ky] 0 R X 
Ozark minnow {Notropis 
nubilus)[ WI] 0 X 
Chub shiner {Notropis potteri) H H X 
Rosyface shiner {Notropis 
rubellus) 0 R R ? 
Silverband shiner {Notropis 
shumardi)[ IA] R 0 0 A C A 
Spotfin shiner {Notropis 
spilopterus) C C C C c 0 X 
Sand shiner {Notropis 
stramineus) 0 O 0 O 0 o u X X 
Weed shiner {Notropis 
texanus)\W\,\K] u u U U U u 
Redfin shiner {Notropis 
umbratilis)[ WI] o 0 X X X X u 
Blacktail shiner {Notropis 
venustus)[ KY] X c c c 
Mimic shiner {Notropis 
volucellus) A 0 0 0 o c c c 
Steelcolor shiner {Notropis 
whipplei) X R R 
Suckermouth minnow 
{Phenacobius mirabilis) H u u u 0 U 
Northern redbelly dace 
{Phoxinus eos) C C 
Southern redbelly dace 
{Phoxinus erythrogaster) X U 
Finescale dace {Phoxinus 
neogaeus) O 
Bluntnose minnow {Pimephales 
notatus) C 0 o 0 0 o 0 0 o 0 C 
Fathead minnow {Pimephales 
promelas) c U u U u u u R R R U 
Slim minnow {Pimephales 
u tenellus) 
Bullhead minnow {Pimephales 
vigilax) A A A A A C U u u 
Blacknose dace {Rhinichthys 
atratulus) 0 C X X 
Creek chub {Semotilus 
atromaculatus) o 0 X X X X X X X 
Pearl dace {Semotilus 
margarita)[ IA] o o X X 
TABLE 4. (cont'd) Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 




HWL HWR UMR-1 UMR-2 UMR-3 UMR-4 UMR-5 MMR LMR-1 LMR-2 
Atchafalaya 
River 
margarita)[\A\ O O X X 
Catostomidae 
River carpsucker (Carpiodes 
carpio) 
Quillback (Carpiodes cyprinus) 
Highfin carpsucker (Carpiodes 
velifer) 
White sucker (Catostomus 
commersoni) 
Blue sucker (Cycleptus 
elongatus)[MN,m,KY,TN] 
Creek chubsucker (Erimyzon 
oblongus) 
Lake chubsucker (Erimyzon 
succetta) 
Northern hog sucker 
(Hypentelium nigricans) 
Smallmouth buffalo (Ictiobus 
bubalus) 
Bigmouth buffalo {Ictiobus 
cyprinellus) 
Black buffalo {Ictiobus 
niger)[ WI,KY] 
Spotted sucker {Minytrema 
melanops) 
Silver redhorse {Moxostoma 
anisurum) 
River redhorse {Moxostoma 
carinatum)[ WI,IA] 
Golden redhorse {Moxostoma 
erythrurum) 
Shorthead redhorse {Moxostoma 
macrolepidotum) 
Blacktail redhorse {Moxostoma 
poecilurum) 
Greater redhorse {Moxostoma 
valenciennesi)[Wl\ 
Ictaluridae 
White catfish {Ictalurus catus) 
Blue catfish {Ictalurus 
furcatu 5) [ M N, WI ] 
Black bullhead {Ictalurus 
melas) 
Yellow bullhead {Ictalurus 
natalis) 
Brown bullhead {Ictalurus 
nebulosus)[MO] 
Channel catfish {Ictalurus 
punctatus) 
Mountain madtom {Noturus 
eleutherus) 
Stonecat {Noturus flavus) 
Tadpole madtom {Noturus 
gyrinus) 





0 C C C C A A A A 
c C C C C u u U U 
o 0 0 U O X u U 
c C X X X X 
u R u u u R 0 0 O 
u u U 
u u U 
R R R X X X X X 
0 0 C c c o A c c 
C C C c c c C 0 o 
H R R u u o u u u 
0 C 0 u u u u 
0 0 R R u X 
R R R R 
U 0 U R R X 
C C c 0 O u 
X X X 
R R 
X X 
H H H 0 0 A A A 
O 0 0 O 0 u X C C 
0 O O 0 0 u R R R 
O 0 R R R X X X R 
C C C C C c A A A 
X X 
H U U U 0 o R R 
O 0 O U U u R R R 
X 
TABLE 4. (cont'd) Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 
(UMR-4); Pools 20-26 (UMR-5); Middle River (MMR); Cairo to New Orleans (LMR-1); New Orleans to Head-of-Passes (LMR-2). 
Reach 
Family 
speciesb HWL HWR UMR-1 UMR-2 UMR-3 UMR-4 UMR-5 MMR LMR-1 LMR-2 
Atchafalaya 
River 
Freckled madtom (Noturus 
nocturnus) 
Brown madtom (Noturus 
phaeus) 
Northern madtom (Noturus 
stigmosus) 





Hardhead catfish (Arius 
felis) 
Gafftopsail catfish (Bagre 
marinus) 
Aphredoderidae 
Pirate perch (Aphredoderus 
5ayanM5)[WI,IA] U H H U 
Percopsidae 
Trout-perch (Percopsis 
omiscomaycus) [KY] O O u u u H 
Gadidae 
Burbot (Lota toa)[IA,MO,KY] O O O U 
Belonidae 
Atlantic needlefish 




Northern studfish (Fundulus 
catenatus ) 
Golden topminnow (Fundulus 
chrysotus) 






Starhead topminnow (Fundulus 
notti) [ WI, IA, K Y ] 
Blackspotted topminnow 
(Fundulus olivaceus) 








Least killifish (Heterandria 
formosa) 
Sailfin molly (Poecilia 
latipinna) 
R O 
TABLE 4. (cont'd) Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 




species5 HWL HWR UMR-1 UMR-2 UMR-3 UMR-4 UMR-5 MMR LMR-1 LMR-2 River 
Atherinidae 
Brook silverside {Labidesthes 
sicculus)  C C C C C O O U U U  U  
Rough silverside (Membras 
martinica) X ? 
Inland silverside (Menidia 
beryllina)[ KY] R A A A 
Tidewater silverside (Menidia 
peninsulae) X ? 
Gasterosteidae 
Brook stickleback (Culaea 
inconstans) O X X 
Ninespine stickleback 
(Pungitius pungitius) O 
Syngnathidae 
Gulf pipefish (Syngnathus 
scovelli) U U 
Percichthyidae 
White bass (Morone chrysops) C C C c c c A c A 
Yellow bass (Morone 
mississipiensis) H 0 u u 0 R 0 c C 
Striped bass (Morone 
saxatilis) X o 0 0 
Centrarchidae 
Shadow bass (Ambloplites 
ariommus) X X 
Rock bass (Ambloplites 
rupestris) C c c C R R R 
Flier (Centrarchus 
macropterus) X X X 0 
Banded pygmy sunfish 
(Elassoma zonatum) X X 0 
Green sunfish (Lepomis 
cyanellus) 0 0 0 O 0 O O u u u u 
Pumpkinseed (Lepomis 
gibbosus)[ MO] 0 0 0 C C U 
Warmouth (Lepomis gulosus) H u U O O u u u A 
Orangespotted sunfish 
(Lepomis humilis) O 0 C C C u u u c 
Bluegill (Lepomis macrochirus) A A A A A A A c A c A 
Dollar sunfish (Lepomis 
marginatus) X O 
Longear sunfish (Lepomis 
megalotis)[Wl, I A] X X C u u 
Redear sunfish (Lepomis 
microlophus) X X u u c 
Spotted sunfish (Lepomis 
punctatus) ? o 
Bantam sunfish (Lepomis 
symmetricus) X 0 
Smallmouth bass (Micropterus 
dolomieui) o c O 0 U U u X X ? 
Spotted bass (Micropterus 
punctulatus) R u u o 
TABLE 4. (cont'd) Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 





River HWL HWR UMR-1 UMR-2 UMR-3 UMR-4 UMR-5 MMR LMR-1 LMR-2 
Largemouth bass (Micropterus 
salmoides) A C C C C C C 0 C 0 A 
White crappie (Pomoxis 
annularis) U C C C C C C C o C 
Black crappie (Pomoxis 
nigromaculatus) C c C C C C C 0 U u A 
Percidae 
Crystal darter (Ammocrypta 
asprella) [ WI, IA, KY] R H X X U 
Western sand darter 
(Ammocrypta clara)[IA,KY] 0 O O 0 0 H X X U 
Scaly sand darter Ammocrypta 
v/vax)[KY] X X U 
Mud darter (Etheostoma 
asprigene)[ WI,IA] H R R R R R 0 
Rainbow darter (Etheostoma 
caeruleum) R X R ? 9 
Bluntnose darter (Etheostoma 
chlorosomum) [WI, I A] H X U u u 
Iowa darter (Etheostoma exile) X 
Fantail darter (Etheostoma 
flabellare) X X H X X 
Swamp darter (Etheostoma 
jusiforme) u X 0 
Slough darter (Etheostoma 
gracile) u X 0 
Least darter (Etheostoma 
microperca)[ MN, WI, IA, K Y] A A 
Johnny darter (Etheostoma 
nigrum)[ KY] U U u U u u X X X ? 
Goldstripe darter (Etheostoma 
parvipinne) X o 
Cypress darter (Etheostoma 
proeliare) X 0 
Orangethroat darter 
(Etheostoma spectabile)[lA\ X X X 
Gulf darter (Etheostoma 
swaini) ? 
Redfin darter (Etheostoma 
whipplei) X X 
Banded darter (Etheostoma 
Zonale)[KY] X X X X o 
Yellow perch (Perca 
flavescens) A c c c o O H 
Logperch (Percina caprodes) A A c c c O 0 O u u u 
Channel darter (Percina 
copelandi) u 
Gilt darter (Percina 
evides)[ WI, IA ,KY] H 
Blackside darter (Percina 
maculata) X X X X X X 
Saddleback darter (Percina 
ouachitae) u 
Slenderhead darter (Percina 
phoxocephala) H R R R R R 
Dusky darter (Percina sciera) X X X X 
River darter (Percina 
TABLE 4. (cont'd) Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 
(UMR-4); Pools 20-26 (UMR-5); Middle River (MMR); Cairo to New Orleans (LMR-1); New Orleans to Head-of-Passes (LMR-2). 
Reach 
Family 














Crevalle jack (Caranx hippos) 
Horse-eye jack (Caranx latus) 
Leather jacket (Oligoplites 
saurus) 
Lutjanidae 
Gray snapper (Lutjanus 
griseus) X 
Gerreidae 
Yellowfin mojarra (Gerres 




Pinfish (Lagodon rhomboides) 
Sciaenidae 
Freshwater drum (Aplodinotus 
grunniens) 
Silver perch (Bairdiella 
chrysoura) 
Sand seatrout (Cynoscion 
arenarius) 
Spotted seatrout (Cynoscion 
nebulosus) 
Silver seatrout (Cynoscion 
nothus) 
Spot (Leiostomus xanthurus) 




Black drum (Pogonias cromis) 




Mozambique tilapia (Tilapia 
mossambica) X 
Mugilidae 
Striped mullet (Mugil 
cephalus) 
White mullet (Mugil curema) 
O 
Eleotridae 
Fat sleeper (Dormitator 
TABLE 4. (cont'd) Distribution and relative abundance of Mississippi River fish species by reach (Eddy and Underhill 1974; Rasmussen 1979; 
Van Vooren 1983; U.S. Fish and Wildlife Service 1985; Moyle 1975; Les 1979; Roosa 1977; Natural Land Institute 1981; Nordstrom 
et. al. 1977; Hatcher no date; Sutton 1986; Kelly 1965; Robins et al. 1980; Beckett and Pennington 1986; Bryan et al. 1974b, 1975, 
1976; Conner 1982; Guillory 1982; Grady et al. 1983)a. Reaches have been delineated and abbreviated as follows: Headwater Lakes 
(HWL); Headwater Reach (HWR); St. Anthony Falls to Pool 4 (UMR-1); Pools 5-10 (UMR-2); Pools 11-15 (UMR-3); Pools 16-19 
(UMR-4); Pools 20-26 (UMR-5); Middle River (MMR); Cairo to New Orleans (LMR-1); New Orleans to Head-of-Passes (LMR-2). 
Reach 
Family 




Spinycheek sleeper (Eleotris 
pisonis) 
Gobiidae 
Lyre goby (Evorthodus 
lyricus) 
Violet goby (Gobioides 
broussoneti) 
Darter goby (Gobionellus 
boleosoma) 
Sharptail goby (Gobionellus 
hastatus) 
Freshwater goby (Gobionellus 
shufeldti) 
Spottail goby (Gobionellus 
stigmaturus) 
Naked goby (Gobiosoma 
bosci) 






Mottled sculpin (Cottus 
bairdi) 

























Bay wiff (Citharichthys 
spilopterus) 











Total Number of Species 






















aIn addition to the references cited, the following individuals reviewed and provided input to the table from their unpublished works: 
Ronald Benjamin, Wis. Dept. Natural Resources, Courthouse, Alma, WI54601; David A. Etnier, Zool. Dept., Univ. Tenn., Knoxville, 
TN 37916; Gordon Farabee, Mo. Dept. Cons., 323 S. Main, Palmyra, MO 63461; Larry Gates and Gary Grunwald, Area Fish. Hdqtrs., 
Minn. Dept. Natural Resources, Lake City, MN 55041; James Holzer and Pamela Thiel, Wis. Dept. Natural Resources, 3550 Mormon 
Coulee Rd., 108 State Office Bldg., LaCrosse, WI 54601; Donny R. Lowery, Tenn. Valley Auth., Room 10, E and D Bldg., Muscle 
Shoals, AL 35660; Gary Lucas, Miss. Dept.Wildl. Cons., P.O. Box 451, Jackson, MS 39205-0451; John R. MacGregor, Ky. Dept. 
Fish & Wildl. Resources, Arnold L. Mitchell Bldg., #1 Game Farm Road, Frankfort, KY 40601; William L. Pflieger, Fish & Wildl. 
Res. Cntr., Mo. Dept. Cons., Columbia, MO 65201; John Pitlo, Bellevue Res. Sta., Ia. Dept. Natural Resources, Rte. 3, Bellevue, 
IA 52031; Wayne Pollock, Tenn. Wildl. Resources Agency, Ellington Agric. Cntr., P.O. Box 40747, Nashville, TN 37204; Gordon 
R. Priegel, Wis. Dept. Natural Resources, Southern Dist., 3911 Fish Hatchery Rd., Madison, WI 53711; James C. Underhill, Biol. 
Dept., Univ. Minn., Minneapolis, MN 55455; Arthur M. Williams, La. Dept. Wildl. and Fish., P.O. Box 15570, Baton Rouge, La 
70895. 
bKey to the status of a species: 
? — Status unknown (not counted as present in total number of species). 
X — Probably occurs only as a stray from a tributary, inland stocking, or salt water. 
H — Records of occurrence are available, but no collections have been documented in the last ten years. 
R — Considered to be rare. Some species in this category may be on the verge of extirpation. 
U — Uncommon, does not usually appear in sample collections; populations are small, but species in this category do not appear to 
be on the verge of extirpation. 
O — Occasionally collected, not generally distributed, but local concentrations may occur. 
C — Commonly taken in most sample collections; makes up a large portion of some samples. 
A — Abundantly taken in all river surveys. 
cSpecies listed by the Federal Government or any state as extinct, extirpated, endangered, threatened, protected, of special concern, 
or on a watch list are noted according to the listing authority as follows: F — Federal, MN — Minnesota, WI —Wisconsin, IA — 
Iowa, IL — Illinois, MO — Missouri, KY — Kentucky, TN — Tennessee, AR — Arkansas, MS — Mississippi, LA — Louisiana. 
reaches, 114 in the MMR, and about 150 in the LMR and 
AR. Most of the 21 ubiquitous forms are representatives of 
"old" ichthyofaunas (Miller 1965) of pre-, and early-
Tertiary origin, such as the sturgeons, gars, bowfin, gol-
deye, a few cyprinids, a few ictiobine suckers, bullheads, 
crappies, and two larger percids. The less widely dispersed 
species represent "new" adaptively-radiating post-Miocene 
faunas and include the shiners, moxostomine suckers, mad-
toms, top-minnows, sculpins, small (Estheostomini) 
darters, and lepomine sunfishes (Jenkins et al. 1972). Other 
than the commercially exploited lake sturgeon and paddle-
fish, rare species are found primarily among the "new" 
faunas whose habitats are threatened by human activities. 
Most salmonids and esocids, numerous minnows and 
shiners, two redhorses, the burbot, and several percids are 
"cold- or cool-water" forms. Aside from the euryhaline 
taxa, diversity in the lower reaches is enriched by 2 
clupeids, the chain pickerel, 13 cyprinids, 1 redhorse, 
4  m a d t o m s ,  s e v e r a l  t o p m i n n o w s ,  1  a t h e r i n i d ,  
4 centrarchids and 7 darters. 
UMR fish assemblages have been influenced by at least 
four periods of glaciation, three major tributaries (Ohio, 
Missouri, and Illinois rivers), natural barriers, channeliza­
tion and development for commercial navigation, pollution, 
and the introduction of exotic species. 
Glaciation undoubtedly played a role in altering HW and 
UMR fish communities. Because of the River's north-south 
axis, however, many species probably retreated ahead of the 
southward-moving glaciers and repopulated northern 
reaches as the glaciers receded (Hynes 1970). 
Until modern times, St. Anthony Falls prevented coloni­
zation of the HW reach by 59 of the 123 fish species known 
to have occurred originally in the UMR and contiguous 
waters below the falls (Eddy et al. 1963). Original fish fauna 
above the falls included mostly lake species that were able 
to cross drainage divides at times of flood or when glacial 
lakes connected the HW with the St. Croix River and the 
Red River of the North (Underhill 1957). Evidence that the 
river was formerly connected with Hudson Bay drainage via 
Glacial Lake Agassiz is provided by distribution of the 
freshwater drum, which ranges from the Gulf of Mexico up 
the MR to St. Anthony Falls but is common in the Minnesota 
River and in the Red River of the North all the way to Hud­
son Bay, apparently having the greatest latitudinal range of 
any North American freshwater fish (Fremling 1980). Pres­
ence of the cold water burbot in northern UMR and HW 
reaches provides evidence of the river's former connection 
with the Hudson Bay drainage to the north via Glacial Lake 
Agassiz. 
Completion of the locks at St. Anthony Falls in 1963 
provided access for all species previously excluded from the 
HW, and the dam at Coon Rapids, completed in 1906, is 
now the principal migration barrier and serves to maintain 
distinct fish communities in the UMR and HW. The St. 
Cloud dam, 64.4 km upstream, is an additional migration 
barrier (Enblom 1977). Channel catfish have been stocked 
above the falls; carp and freshwater drum were probably 
introduced accidentally. 
UMR navigation and hydropower (L&D 19) dams were 
considered by Coker (1913, 1930) to be barriers to migra­
tion of fish, especially skipjack herring. Recent evidence 
(Holland et al. 1984) supports Coker's views but establishes 
that some species do migrate through L & D 19 and other 
UMR navigation dams. Pflieger (1975) and Smith (1979) 
suggested that the dams may have blocked lake sturgeon 
spawning movements; however, the length of the sturgeon's 
immature life (18-20 yr) and its susceptibility to nets and 
boat propellors have also been important to its decline. The 
same may be true for paddlefish, which frequently swim 
near the surface and therefore seem especially vulnerable to 
propellors. 
Anoxic zones have also served as barriers to fish move­
ment. L&D 1, completed in 1917, collected most of the raw 
sewage of Minneapolis and St. Paul. L&D 2, completed in 
1930 at Hastings, accumulated the remainder of the Metro 
sewage and that of the suburbs, packing houses, and stock­
yards. The Bureau of Fisheries reported that during August 
of 1927, 73 km of the river below St. Paul lacked sufficient 
oxygen to sustain fish life of any kind. Although navigation 
dams did not cause the pollution problem, they exacerbated 
the situation and focused attention on the deteriorating qual­
ity of the water. A sewage treatment system built in 1938 
improved water quality, and most fish species could again 
live in the reach below St. Paul (Scarpino 1985). 
Generally, the number of fish species can be expected to 
increase from a river's source to its mouth (Hynes 1970). 
This relationship generally holds true in the MR; there are 
about 2.5 times as many species in LMR-1 and LMR-2 than 
in the HW with an intermediate number in the UMR and 
MMR (Table 4). However, the relationship between river 
length, river order, and species diversity is not linear. 
Diversity increases downriver from the HW through 
subreach UMR-3, declines in UMR-4, remains about the 
same through the MMR, and then increases in the LMR. A 
greater diversity may be expected in subreaches UMR-3 and 
UMR-4 because they appear to be a transition zone between 
the northern and southern fish faunas. However, develop­
ment of the flood plain, leveeing, industrialization, and 
other perturbations increase in these subreaches, and con­
tinue in downstream reaches. These more southern reaches 
also lack the influence of cold tributaries, and species diver­
sity is apparently adversely affected by decreased habitat 
diversity (Smith et al. 1971; Pflieger 1975). The MMR, 
influenced by both the Illinois and Missouri rivers, is exten­
sively channelized and leveed, and shows a lower species 
diversity (114 species) than the UMR (132 species). Thirty-
two of the MMR species are not considered river residents, 
but strays from tributaries or the result of inland stocking. 
Introduced exotics in the MMR include common carp, rain­
bow smelt, goldfish, grass carp, and striped bass. 
The fish community of the LMR differs from that of the 
UMR or the MMR because of the influences of UMR dams, 
the Missouri and the Ohio rivers, and the Gulf of Mexico. 
Numbers of shovelnose sturgeon, blue sucker, and blue cat­
fish in the UMR have declined in recent years (Pflieger 
1975). These three species appear to be present in sizable 
numbers in swift current habitats of the LMR (Pennington 
et al. 1980). The Missouri River exerts a strong influence 
on MMR fish fauna, and the Ohio strongly affects LMR fish 
composition (Smith 1979). The Missouri contributes a num­
ber of species to the MR which are restricted to and are reg­
ular components of MMR fish populations. Among these 
species are pallid sturgeon, western silvery minnow, plains 
minnow, sturgeon chub, flathead chub and sicklefin chub. 
The influence of the Missouri River is also seen in the distri­
bution of such species as walleye and sauger. The walleye, 
less tolerant of turbidity and sediment than the sauger, is not 
common below the Mississippi's confluence with the more 
heavily silt-laden Missouri. Near the mouth of the Ohio 
River, such species as skipjack herring, threadfin shad, sil-
verband shiner, mimic shiner, and inland silverside 
increase. LMR species diversity is increased by at least 
46 marine species that may occur as far upstream as St. 
Francisville, Louisiana, during low flow when the intrusion 
of a wedge of salt water occurs. 
A few ubiquitous species are abundant or occur com­
monly throughout the entire river: gizzard shad, emerald 
shiner, and bluegill. Several others are abundant or common 
in all reaches downstream below the HW: longnose gar, 
shortnose gar, bowfin, common carp, silver chub, river 
shiner, bigmouth buffalo, channel catfish, flathead catfish 
(except in UMR-4 and 5), white bass, largemouth bass, 
white crappie, freshwater drum, and river carpsuckers. 
Present in significant numbers only in the headwaters are 
the goldeye, cisco, lake whitefish, central mudminnow, 
common shiner, blackchin shiner, blacknose shiner, north­
ern redbelly dace, bluntnose minnow, fathead minnow, 
blacknose dace, silver redhorse, black bullhead, brown 
bullhead, tadpole madtom, trout-perch, least darter, and 
mottled sculpin. Some species are abundant or common 
only in the UMR or MMR, including the mooneye, ghost 
shiner, golden shiner, red shiner, bullhead minnow, quill-
back carpsucker, mosquitofish, pumpkinseed, orange-
spotted sunfish, river darter, and sauger. Threadfin shad, 
silverband shiner, smallmouth buffalo, blue catfish, inland 
silverside, striped mullet, and skipjack herring are abundant 
only in the LMR. 
Fish Assemblages by Habitat Type 
Headwaters (HW) 
HW habitat types are typical of those found in large tem­
perate streams, but also include those of in-channel glacial 
lakes. The most abundant large fishes in the HW reach 
between Lake Itasca and Lake Winnibigoshish are white 
sucker, rock bass, and yellow perch. The most abundant 
forage species are bigmouth and common shiners. Sport 
fishing is limited to a low density northern pike fishery. 
Limiting factors include unstable substrate, minimal gra­
dient, boggy corridors, areas of dense aquatic vegetative 
growth, and periodic subminimal flows (Kucera and Peter­
son 1980). Because resource exploitation has been minimal, 
the upper HW reach has maintained its ecological integrity; 
fish communities are apparently about the same as they were 
in the late 1800s. 
Flowing waters of the middle HW reach contain 31 fish 
species with redhorse, white sucker, northern pike, and yel­
low perch predominating; northern pike, pumpkinseed, 
bluegill, and black crappie are dominant in lentic areas. Nat­
ural reproduction is adequate, but carrying capacity is low 
(Johnson 1968). 
The lower HW reach contains 40 fish species, 
predominantly carp, smallmouth bass, and shorthead red­
horse. Smallmouth bass and walleye, both of which spawn 
successfully, are the main game fishes. During the last 
20 yr, stocking programs have supplemented natural wall­
eye reproduction and have attempted to establish a self-
sustaining channel catfish and muskellunge sport fishery 
(Enblom 1977). 
There is no commercial fishery in the HW river or HW 
lakes. Although sport fishing is common along the river, it 
is concentrated in HW lakes, which are easily reached by 
all-weather roads, and from public launching ramps, sum­
mer homes, camp grounds and resorts. The lakes are fished 
heavily in summer, and to a lesser degree in winter, by 
angling and dark house spearing (the latter for northern pike 
and coregonids). 
Physical characteristics of the 9 HW lakes are presented 
in Table 2. Even though hypolimnetic dissolved-oxygen 
levels routinely fall below 3.0 mg«L-1, all lakes deeper 
than 15 m contain cisco. Lake whitefish, usually indicators 
of oligotrophic conditions, are found in lakes Bemidji, Cass, 
Winnibigoshish, and Pokegama. Wind action often prevents 
thermal stratification of the largest lakes. Walleye, northern 
pike, and muskellunge are the most sought-after fishes. 
Walleye harvest has increased over the years in most HW 
lakes, but average fish size has declined. 
Typical sport fisheries for walleye, northern pike, yellow 
perch, rock bass, and muskellunge exist in lakes Cass, 
Andrusia, and Big Wolf (Strand 1980). The three lakes sup­
ported an average of 250 294 angler hours during the sum­
mers of 1971-75. Average harvests (kg*ha_1) in Lake 
Andrusia were walleye 0.53, northern pike 0.49, yellow 
perch 0.44, rock bass 0.07, and muskellunge etc. trace. 
Winter fishing pressure (mainly darkhouse spearing) was 
6.4 %, 10.3 %, and 11.5 % of the mean annual summer fish­
ing pressure (fisherman-hours) on Cass, Andrusia, and Big 
Wolf, respectively, in 1971-75. Average yearly spearing 
harvests (kg*ha-1) in Lake Andrusia were northern pike 
0.18, lake whitefish 0.13, white sucker 0.06, and cisco 
0.06. 
Lakes Cass and Winnibigoshish have high walleye 
reproduction potential; a portion of the walleye eggs col­
lected there are returned annually as fry, but many are 
stocked into lakes Irvin, Bemidji, Big Wolf, and Andrusia 
where walleye reproduction is minimal. Northern pike and 
muskellunge are often stocked into the HW lakes (Kucera 
and Peterson 1980). 
Lakes Bemidji, Big Wolf, and Cass are becoming increas­
ingly eutrophic; significant percentages of phosphorus and 
nitrogen loadings are attributable to known point sources 
(Kucera and Peterson 1980). Lake Bemidji suffers frequent 
coregonid summer kills due to insufficient dissolved oxygen 
in the hypolimnion (Minn. Dept. Nat. Resources unpubl. 
lake surv. rept. 1982). 
Upper Mississippi River (UMR) 
UMR habitats can be generalized into eight categories: 
tail waters, navigation pool, river lake or pond, slough, main 
channel, main channel border, side channel, and mouth of 
tributary (Fig. 5). Important components of main channel 
border, side channel and navigation pool habitats are dike 
fields and littoral areas (Rasmussen 1979; Environ. Sci. and 
Eng. 1982). 
Tail waters, which extend 0.8 km downstream from each 
navigation dam are characterized by well-oxygenated 
waters due to epilemnetic discharge via roller gates; cur­
rents are strong and sediments are coarse. Tail waters pro­
vide one of the river's richest sport fisheries for walleye, 
sauger, white bass, freshwater drum, and catfishes. Paddle-
fish and shovelnose sturgeon are also present. Gizzard shad, 
carp, freshwater drum, and white bass usually dominate 
catches based on electrofishing, trammel and gill netting, 
and trawling. Shannon-Weaver diversity indices averaged 
2.35 (Environ. Sci. and Eng. 1982). Tail water fish assem­
blages were comprised of 23.6% game species, 39.9% 
commercial species, and 36.5% forage species (Dunham 
1971). Waters (1976) reported a catch rate of 
2.7 fish*hr_1 (mainly white bass) at L & D 16. In a 
predominantly channel catfish and freshwater drum fishery 
below L & D 24, Farabee (1980) reported catch rates of 
0.23-0.45 fish»hr_1. Boland and Ackerman (1982) 
reported catch rates from October to April of 0.35 and 0.45 
fish*h_1 for the walleye/sauger fisheries at L & D 10 and 
12, respectively. The MR Work Unit (1980) reported catch 
rates of 0.43 in spring and 0.63 in fall for the predominantly 
walleye/sauger fisheries of Pools 7, 8, and 9. In a 15-yr 
study (1967-81) of continuous walleye/sauger fishing in 
Pool 4, Thorn (1984) found no adverse effect on the natu­
rally reproducing populations. Total harvest was dependent 
on year-class strength, which was highly correlated with 
water levels during spawning and incubation. 
Navigation pools, which extend upstream from dams to 
a point where natural (pre-impoundment) channel condi­
tions become evident, are more lentic than lotic in character, 
relatively shallow, and heavily silted. Although they gener­
ally lack structure, limited cover and hard substrates are 
found among stumps, dead trees, wing dikes, and riprap. 
Vegetated littoral areas provide important spawning and 
nursery habitats (Holland et al. 1983b). Holland and Syl­
vester (1983) found fish larvae, especially freshwater drum 
and gizzard shad, to be abundant in the pools in June and 
July. Gizzard shad, freshwater drum, carp, shortnose gar, 
smallmouth buffalo, bluegill, and black crappie are the most 
abundant species (Environ. Sci. and Eng. 1982). 
Floodplain lakes and ponds are lentic habitats, often iso­
lated from the river except during high flows. Depending 
on physical and chemical features, particularly water depth, 
they may support a significant sport fishery for centrarchids 
and esocids. However, they are difficult to manage due to 
the lack of water-level control, oxygen depletion, and an 
abundance of rough fish species such as carp. Gizzard shad, 
carp, bluegill, largemouth bass, black and white crappie, 
buffalo, and white bass are abundant, but species composi­
tion varies widely among lakes and with river stage (Envi­
ron. Sci. and Eng. 1982). Those lakes that have relatively 
deep water and are not highly eutrophic have diverse sport 
fish communities, while those that are very eutrophic and 
shallow are dominated by commercial and forage species. 
Sloughs are lakelike habitats that maintain connections to 
the main river but do not receive fresh river flows except 
during high stage. They are much warmer than the main 
channel and may stratify thermally. They offer excellent 
spawning and rearing habitats for many species, including 
carp, esocids, centrarchids, and ictalurids. Fluctuations of 
water level in these shallow habitats can be critical to the 
spawning success of fishes that utilize inundated terrestrial 
vegetation, sand, or snags. Sloughs provide excellent sea­
sonal sport and commercial fisheries. Standing stock esti­
mates (Pitlo 1987) range from 43.8-931.5 kg •ha-1 in 
U M R - 2 ,  4 4 . 0 - 7 2 4 . 2  k g . h a " 1  i n  U M R - 3 ,  
437.8-778.5 kg*ha_1 in UMR-4. Dominant species 
include gizzard shad, shortnose gar, carp, bluegill, 
smallmouth buffalo, and freshwater drum (Environ. Sci. 
and Eng. 1982). 
Main channel habitat includes the maintained navigation 
channel (minimum width 122 m, minimum depth 2.7 m) 
and is characterized by swift currents, sand or gravel sub­
strates, and deep water. Disturbance by barge traffic and 
lack of structure limit the fishery in the main channel; how­
ever, it is an important habitat in UMR 1-4 where catfish 
use it as prime wintering (Hawkinson and Grunwald 1979; 
Talbot 1982) and nursery habitat (Helms 1975; LGL Ecol. 
Res. Assoc. 1981). Collections include channel catfish, sil­
ver chub, mooneye, flathead catfish, shovelnose sturgeon, 
and freshwater drum. 
The main channel border extends from the navigation 
buoy line to the shoreline. Substrates include silt, sand, sub­
merged and emergent wing dikes, and riprap. Standing crop 
is variable depending on season and river stage. Standing 
stock estimates (primacord samples; primarily carp, 
buffalo, catfish, white bass, and freshwater drum) varied 
from 0 to 3 016.8 kg»ha-1 (Rasmussen et al. 1985). The 
unusually large estimate was made during low stage, when 
schools of shovelnose sturgeon, smallmouth buffalo, fresh­
water drum, and channel catfish had retreated to a deep 
trough on the main channel border from other habitats. Of 
the 83 fish species reported from Pool 5A (Van Vooren 
1983), 58 were collected during surveys of main channel 
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FIG. 5. Hypothetical section of Upper or Middle Mississippi River displaying habitat classification 
scheme developed by Upper Mississippi River Conservation Committee (Rasmussen 1979). 
1983). Submerged dikes and riprap, typical of the main 
channel border, enhance habitat diversity and may support 
lush benthic communities (Hall 1980). 
Dike fields, defined as areas encompassing three or more 
dikes, are an important component of main channel border 
habitat. Depending on location (side channel closure, inside 
or outside bend), construction (pile or stone, emergent or 
submergent), and design (L- or T-shape, notched or 
unnotched) they can provide excellent habitat where rock 
substrate is scarce. Submergent rock or pile dikes near the 
thalweg on outside river bends provide optimum habitat 
(Pitlo 1985). Dike fields are concentation areas for walleye, 
sauger, channel catfish, smallmouth bass, white bass, black 
crappie, bluegill, redhorse, freshwater drum, and 
smallmouth buffalo (Pierce 1980; Holzer 1980; Pitlo 
1981). Pitlo (1985) reported average catch rates of 
1.3-1.8 fish»hr~' from wing dikes and closing dams in 
Pools 10, 11, 13, 16, and 18; predominant were freshwater 
drum, bluegill, catfish, and walleye. Notching of emergent 
dikes in the Missouri River has been beneficial to fisheries 
by enhancing habitat diversity (Robinson 1980). The St. 
Louis Corps of Engineers District is currently cooperating 
with fish and wildlife agencies to evaluate a similar program 
on the MR (Strauser 1987). 
UMR littoral areas are important components of main 
channel borders, side channels, and navigation pools; they 
are of sufficient biotic value to merit distinction as an addi­
tional habitat type (Environ. Sci. and Eng. 1982). They con­
tain macrophyte beds and usually extend outward about 8 m 
from the shore, but they can be more extensive if associated 
with submerged islands and stump fields, depending on 
depth, water clarity, and protection from wind. Littoral 
habitats provide nursery areas for many fish species and 
sport fisheries, primarily for centrarchids. Holland and 
Huston (1983) stressed the importance of aquatic vegetation 
for larvae of UMR fishes. 
Side channels generally flow behind islands and dredged 
material deposits and carry flow during most of the year. 
Many are partially blocked by stone dikes or closing dams 
but are used by commercial and sport fish. Standing stock 
estimates range from 79.1 kg*ha_1 in UMR-5 to 
152 kg-ha"1 in UMR-2 (Pitlo 1987). 
Tributary mouth habitat extends into the MR and up the 
tributary a distance equal to the width of the tributary (Envi­
ron. Sci. and Eng. 1982). It serves as staging, spawning, 
and feeding area for walleye, sauger, white bass, and pad-
dlefish. Tributary mouths offer seasonal sport and commer­
cial fisheries because many species congregate there prior 
to spring tributary spawning runs. 
Middle and Lower Mississippi River (MMR and 
LMR) 
MMR and LMR aquatic habitats may be categorized by 
their location on the floodplain or between the channel banks 
(Fig. 6). Floodplain habitats consist of lakes of various geo-
morphic origin, tributary channels, and such man-made 
waterbodies as levee borrow pits, water treatment lagoons, 
harbors, and canals (Cobb and Clark 1981). Floodplain 
lakes are much more numerous on the LMR than on the 
MMR; the largest and most common are oxbow and aban­
doned channel lakes formed by meander loop neck cutoffs 
and pointbar cutoffs. Scour channel lakes that occupy 
swales are also abundant but generally small. Other lake 
types are batture lakes (Gagliano and Howard 1984), flood-
plain depression lakes, and crevasse lakes. Ryckman et al. 
(1975) reported 242 lakes >0.08 km2 in surface area on 
the LMR leveed floodplain; their total surface area at low 
flow was 425 km2, including 181 km2 of levee borrow 
pits. Ten oxbow lakes exceeded 4 km2. Large areas inun­
dated by flood flows provide additional ecologically impor­
tant habitat. 
The highest densities of larval fishes in the LMR occur 
in backwaters where the ichthyoplankton community is of 
a distinctly different composition than that of the river 
proper (Beckett and Pennington 1986). Backwaters are also 
important nurseries for juvenile fishes. Rivers such as the 
Ohio have large backwater areas which are created as tribu­
tary streams enter the river. The LMR, by contrast, has few 
tributaries. 
Protection of backwaters is imperative on the LMR 
because they are ecologically very important and are in rela­
tively short supply. Dikes and revetments prevent channel 
meandering, and new abandoned channels are rarely created 
(Nunnaly and Beverly 1984). Furthermore, the ultimate fate 
of all LMR abandoned channels is to fill with sediment 
(Gagliano and Howard 1984). 
Aquatic macrohabitats of the channel environment 
include the main river channel, secondary channels, sand­
bars, gyres aggrating below bars, tributary mouths, natural 
banks, and areas associated with dike systems and revetted 
banks (Cobb and Clark 1981). These habitats are lotic in 
character except at very low stages when slack-water condi­
tions may be found in some dike systems (Cobb and Magoun 
1985) and secondary channels (Cobb and Clark 1981). Dur­
ing low flow, Ryckman et al. (1975) found 1 375 km2 of 
water surface area in the LMR channel environment, includ­
ing 1 061 km2 of the main channel > 1.5 m deep, 158 km2 
of the channel <1.5 m deep, 68 km2 of chutes, and 
88 km2 of slack-water areas. 
LMR aquatic habitats are characterized by pronounced 
annual variations in surface area, volume, depth, and rela­
tive spatial distribution associated with changes in river 
stage. Cobb and Clark (1981) found that the total surface 
area of aquatic habitat for an 80-km reach exhibited a 
threefold increase as river stage rose 7.7 m. Ratio of total 
channel to total floodplain surface area changed from 2.3 
(stage = 4.0 m), to 3.3 (stage = 7.5 m), to 1.2 for over-
bank flow condition (stage = 11.7 m). Spatially, main 
channel was the predominant habitat type at low flow; main 
channel and sandbars were predominant at medium flow; 
sandbars and inundated floodplain were predominate at 
overbank flow condition. 
The swiftly moving waters of the LMR provide ample 
habitat for such rheophilic fishes as shovelnose sturgeon, 
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FIG. 6. Topographic cross section of the leveed floodplain and channel of the Lower Mississippi River (RKM 846 AHP) depicting 
locations and boundaries of geomorphically defined aquatic habitat types (Cobb 1988). 
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FIG. 7. Schematic drawing of Lower Mississippi River fish composition showing both the most common and distinctive species for 
the investigated habitats. Some characteristics of dike field fish communities are also shown. From Beckett and Pennington (1986), 
used with permission of the authors. 
have been favored by USACE channelization practices 
(levees, cutoffs, revetments, and dikes). Lentic environ­
ments are important, therefore, because they provide habitat 
diversity for a variety of species. Those that are restricted 
to backwaters include black, brown, and yellow bullhead, 
bowfin, spotted gar, and young threadfin shad. Other spe­
cies such as bluegill, largemouth bass, white and black crap-
pie, paddlefish, and alligator gar show a marked preference 
for backwater areas (Pennington et al. 1980, 1983; Cobb 
et al. 1984; Beckett and Pennington 1986). The average 
standing stock of 666 kg*ha-1 in borrow pits along the 
LMR (Cobb et al. 1984) is consistent with standing stock 
estimates made in similar habitats in Louisiana, Mississippi 
(Lambou 1959; Bingham 1969; Bryan and Sabins 1978) and 
the UMR (Pitlo 1987). One rotenone sample in the 
Kaskaskia side channel of the MMR (RKM 1 723) produced 
35 fish species with a standing stock of 1 035 kg*ha~', 
mainly gizzard shad, carp, and bigmouth buffalo (Environ. 
Sci. and Eng. 1982). This finding emphasizes the impor­
tance of side channels to the unpooled river as nursery areas 
and as refugia from the swift currents and harsh environ­
ments of the thalweg. 
The physical, chemical, and biologial features of dike 
fields along the LMR are intermediate between those of 
channel and floodplain habitats. Dike fields often support 
the most diverse fish populations (Pennington et al. 1983) 
and a diverse ichthyoplankton community (Beckett and Pen­
nington 1986) because of their physical structure (middle 
bars and the dikes themselves) and because of the varying 
physical conditions within dike fields as river stage changes. 
In most LMR dike fields, extensive sand and gravel middle 
bars occur between succeeding dikes and below the last 
dike. During high-river stage, the bars and dikes are sub­
merged and current velocities approximate those of the main 
channel. During low flow, however, extensive pools are 
formed between the dikes, the river bank, and the middle 
bars. LMR dike fields, because of their biotic diversity and 
their depositional substrates at low river stages, are impor­
tant habitats. However, their beneficial effects are lost if, 
as in the case of the Missouri River, they accrete sand until 
they become terrestrial (Beckett and Pennington 1986). 
Sedimentation is an important phenomenon, but filling rates 
and conditions leading to the establishment of dynamic 
equilibrium have not been determined. Some LMR dike 
fields, as presently constructed, have limited life expectan­
cies as aquatic habitats. Typically, they accrete sediment, 
their middle bars are colonized by willows and cotton-
woods, and they fill in. Engineering designs that would 
maintain and extend their aquatic life would be ecologically 
beneficial. 
Non-revetted river banks are usually steep and are typi­
cally composed of silts and clays interspersed with sand 
layers. They are characteristically honeycombed by bur­
rowing mayflies (Tortopus incertus and Pentagenia vit-
tigera) (Beckett et al. 1983). Fallen trees and snags provide 
substrate for macroinvertebrates. Revetted banks are 
armored with stone riprap, articulated concrete mattress, or 
asphalt. Isolated areas of sediment may overlay the revet­
ment. Current speeds on revetted banks are usually high, 
commonly exceeding 1 m*s_1. 
Atchafalaya River (AR) 
AR habitats are more diverse than those of LMR because 
of comparatively limited AR channel modifications, 
remoteness of levees from the mainstem AR, and the 
braided channel on the lower 135 km of the AR course. 
These habitats are contained within a small geographic area 
and upon inundation by nutrient-rich river water, create a 
large nursery area per linear km of river during most water 
years (Bryan and Sabins 1978). Thus, a large number 
(approximately 0.7) of fish species occur per linear km of 
river (Table 4). 
Fisk (1952) described morphologic and hydrologic 
changes accompanying the transition of the AR Basin from 
a lacustrine to a wetland environment before and after input 
from the LMR. At present, virtually the entire range of cur­
rent speeds (from fast to nil), substrates (from gravel or 
coarse sand to compact clay or muck), and water quality 
(from high filterable residues to clear humate-rich water, to 
lakes with dense phytoplankton) can be found within a short 
distance from the main stem. Each habitat has a characteris­
tic flora and fauna during low summer and fall water stages, 
but there is considerable overlap in species distribution 
among habitats, depending on river stage, season, and type 
of community. 
Habitat types described by Bryan et al. (1977), grading 
from lotic to lentic within the AR, were: (1) mainstem river 
or distributary, (2) open-end canal, (3) headwater lake, (4) 
dead-end canal, (5) bayou, (6) backwater lake, and (7) 
swamp. Each habitat was evaluated using standing stock, 
relative abundance, frequency of occurrence, and diversity 
of species data gathered twice-monthly during a 4-yr inves­
tigation of phytoplankton (Sager and Bryan 1980), 
microzooplankton (Holland et al. 1983a), crustacean 
zooplankton (Binford 1975), benthos (Beck 1977), and 
fishes (Bryan and Sabins 1978) of the unleveed and leveed 
AR. Headwater lakes, open-end canals, backwater lakes, 
and bayous, respectively, were rated the four most impor­
tant habitats in terms of abundance and diversity of biota 
(Bryan et al. 1977). 
The average fish standing stock estimated from the lower 
(unleveed) AR was 860 kg»ha_1, which was 55% higher 
than the upper (leveed) AR estimate of 550 kg •ha-1 
(Bryan and Sabins 1978) and higher than other estimates 
made in Louisiana (Lambou 1959; Lantz 1974) and in virtu­
ally all southeastern reservoirs (Leidy and Jenkins 1977). 
Over 50 % of the catch in the Upper AR was gizzard shad, 
while yield of sport (centrarchids) and commercial 
(ictalurids) species was 8-10 times larger in lower (unle­
veed) AR habitats. Standing stock estimates made in the 
lower AR habitats were nearly 15 % greater following high-
water years than low-water years. In low-water years, the 
yield of commercial species was halved while the proportion 
of forage species (gizzard shad and mullet) increased 
fivefold. Bryan and Sabins (1978) hypothesized that during 
low-water years primary production was relatively high and 
allochthonous input relatively low, thus encouraging 
production of such primary consumers as clupeids, 
mugilids, and cyprinids. 
Succession (i.e., alteration or filling) is rapidly proceed­
ing in riverine-distributary, open-end canal, headwater 
lake, dead-end canal, backwater lake, bayou, and swamp 
habitats, approximating the degree and order of flushing 
with increasing AR stages. Stagnation (with concurrent 
water-quality problems) in lentic habitats (i.e., swamp and 
bayous) primarily stems from accrual of allochthonous 
material and water hyacinth (Bryan and Sabins 1978; Hol­
land et al. 1983b). The high diversity and production of 
flora and fauna in the AR appears to result from regular 
flooding and dewatering of habitats. However, because of 
the great sediment load of the AR main stem, productive 
habitats (lakes, canals, and bayous) are rapidly filling or 
being cut off from mainstem influence by delta building and 
accrual of allochthonous materials. 
Investigations of MR ichthyoplankton distribution have 
shown the importance of backwaters and floodplain habitats 
to early life stages (Gallagher and Conner 1980; Schramm 
and Pennington 1981; Boyer 1978; Conner et al. 1983; 
Holland and Sylvester 1983; Holland et al. 1983b; Holland 
1986; Clary 1985; Clary and Bryan 1985). The backwater 
ichthyoplankton community has a distinctly different com­
position than that of the river proper; the highest densities 
of larval fishes in the river system occur in floodplain lakes 
(Boyer 1978; Clary and Bryan 1985). 
Energy Flow 
The energetics of MR ecosystems have not been defined 
in detail. No data are available from the HW and MMR, and 
only one investigation has been conducted on the LMR, but 
detailed studies have been conducted in UMR Pool 19. 
The largest carbon inputs and outputs in Pool 19 are via 
main channel river flows (Table 5), and most carbon is 
transported during major spring floods and irregularly 
occurring fall floods (Fig. 8). The latter probably result 
from the combination of reduced evapotranspiration due to 
leaf senescence and lower temperatures, a slight increase in 
rainfall, and increased runoff attributable to removal of sub­
stantial crop cover by harvesting. During the ascending limb 
of the spring flood, most carbon input is particulate (POC) 
(1.2 /mi - 1.0 mm), but dissolved carbon (DOC) (less than 
1.2 nm) is the dominant fraction during the remainder of the 
year. POC presumably washes in from floodplains and 
aquatic plant beds during the spring rise. Downstream DOC 
output is usually greater than POC output indicating that 
some of the POC inputs are utilized, stored, or converted 
to DOC within the pool in the spring. Total organic carbon 
(TOC) from municipal and industrial sewage comprises 
only 0.04 % of total inputs, much less than the load deliv­
ered by tributaries or from the unleveed floodplain (Table 
5). 
Aquatic macrophyte production in Pool 19 is approxi­
mately 8 times that of phytoplankton, excluding summer 
production in floodplain lakes, and the floodplain contribu­
tion of carbon to the water is approximately 5 times greater 
than the aquatic macrophyte production (Table 5). How­
ever, phytoplankton may contribute more autochthonous 
carbon in other river reaches. In the LMR, Sabol et al. 
(1984) estimated that phytoplankton biomass made up 20 % 
of the total particulate organic matter (POM) in the main 
channel and an abandoned channel lake near Greenville, 
Mississippi (RKM 821). Peak algal biomass in an aban­
doned river channel (backwater) near Greenville 
(9 600 mg»m~3 ash-free dry weight), calculated from 
chlorophyll a concentration, exceeded peak biomass of 
210 mg«m~3 in Pool 19 (Engman 1984). 
Pool 19 continues to accumulate sediment 73 yr after the 
dam was closed, and 300-700 g C»m~2*yr_l is buried in 
off-channel areas where sediments accumulate — approxi­
mately 5 % of the total input (Table 5). Invertebrate and 
microbial respiration accounts for 11.6% of the inputs, 
Table 5. Annual carbon inputs, burial, utilization, and down­




Inputs kg Carbon X 106 Total Input 
Upstream3 1 141 85.73 
Tributaries3 90 6.76 
Floodplainb 81 6.09 
Sewage, Industryc 0.54 0.04 
Aquatic macrophytesd 16 1.20 
Phytoplanktone 2 0.15 
Total Inputs 1 331 100.00 
% of 
Burial, Use, Loss Total Input 
Burialf 73 5.48 
Respiration® 154 11.57 
Duck consumption11 0.15 0.01 
Fish harvest1 0.04 0.003 
Downstream3 1 322 99.32 
Total Burial, Use, Loss 1 549 116.39 
aBased on depth-integrated TOC samples taken on transects 
from 1982 to 1985 during stable low-flow periods (midsummer-
fall) and during rising and falling stages of spring floods in 1983 
and 1985. Tributaries were sampled at the farthest downstream 
point that was not subject to the backwater influence of the main 
river. Sample size (AO = 93 for the 2 largest tributaries, which 
accounted for 95 % of all tributary input. Upstream inputs were 
measured at Lock and Dam 18 (LD 18), N = 87, and downstream 
outputs at LD 19, N = 149. No samples were taken below dams 
in Jan. and Feb., so in-pool concentrations of TOC were used. 
bDifferences between depth-integrated TOC samples on tran­
sects above and below Burlington Island, Nov. 1984-Oct. 1985, 
were extrapolated to entire floodplain (Grubaugh and Anderson 
1988). 
Calculated from monthly 5-day BODs from sewage and indus­
trial plants in 1982. 
Production per m2 calculated from monthly standing crop and 
lear turnover of above-ground biomass for the dominant emergents 
Sagittaria latifolia and Nelumbo lutea (Grubaugh et al. 1986) and 
multiplied by total area of aquatic macrophytes. 
eProduct of carbon content, turnover (Harris and Piccinia 
1977), cell volume (Tiffany and Britton 1971), seasonal algal cell 
counts (Engman 1984) and total pool volume. 
f Based on an average organic C content of sediments in deposi-
tional areas of 2.1 % by weight (Cahill and Autrey 1987; Cahill 
et al. 1987) and average annual sediment deposition determined 
from dated sediment cores (Cahill and Autrey 1987) and a sediment 
sediment budget (Bhowmilk and Adams 1986). 
gAssumed carbon respired was 3 x carbon incorporated in 
biomass of invertebrates (R. V. Anderson, Biological Sciences 
Dept., Western Illinois University, Macomb, IL 61455, unpubl. 
data) and bacteria (Henebry and Gorden 1988). 
hEstimated consumption of fingernail clams by diving ducks 
(Thompson 1969, 1973). 
'Based on average sport fish harvest in Upper Mississippi 
River of 8.9 kg*ha-1 and on reported commercial harvest of 
331 115 kg (annual average 1973-77) in Pool 19 (Rasmussen 
1979). Assumed carbon content of fish = 0.10 of wet weights. 
seemingly more than could be supplied by aquatic macro­
phytes and phytoplankton. The primary production estimate 
needs to be refined, however. The estimate in Table 5 is 
based on above-ground production for 2 emergent species, 
rather than on the net above-and below-ground production 
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Fig. 8. Monthly discharge (top) and estimated monthly carbon 
fluxes (bottom) for 1984, Pool 19 UMR. Values below 0 are sums 
of downstream losses, burial, and respiration (see Table 5). TOC 
= total organic carbon, DOC = dissolved organic carbon, POC 
= particulate organic carbon. 
phytes and periphyton that occur in Pool 19. Plant respira­
tion was not estimated. Up to half the benthic respiration 
in some channel borders is attributable to macroinver-
tebrates (Butts et al. 1982), including fingernail clams which 
reach maximum standing crops of 97.3 g*m~2 (dry 
weight, excluding shells) (Gale 1969). Diving ducks and 
most commercially important fish species consume benthic 
macroinvertebrates (Ranthum 1969; Jude 1968, 1973). In 
terms of fish production, the main carbon pathway appears 
to be from detritus to benthic macroinvertebrates to fish. 
Although TOC contributions from floodplains and beds 
of aquatic vegetation are quantitatively smaller than main 
channel flows, they may be important in terms of nutrient 
quality. Dense benthic macroinvertebrate populations 
usually occur offshore from UMR aquatic macrophyte beds, 
suggesting that these plants furnish high quality detritus 
delivered offshore by secondary currents, winds, or wave 
wash from barge traffic (Anderson and Day 1986; Adams 
1986). Marshes, beds of submergent aquatic vegetation, and 
backwaters were not considered by Risotto and Turner 
(1985) in their attempts to explain annual variations in com­
mercial fish yield from the MR basin. Size of floodplain (as 
indicated by acreage of bottomland hardwoods) was one of 
three variables in their regression model that explained 55 % 
of the variation in average commercial fish catch among 
states utilizing the MR. The floodplain is a potential source 
of organic matter for detritivorous fish and for the inver­
tebrates that other fish feed upon, as well as a fish spawning 
and nursery area. 
Sabol et al. (1984) found that concentrations of POM in 
the LMR fluctuated monthly near Greenville with a peak 
during the spring flood. Detritus accounted for an average 
of 80 % by weight of total POM in the main channel; high 
concentrations of detritus were also found in a secondary 
channel, a dike field, and an abandoned channel lake during 
flowing water. In the off-channel environments during 
August low flow, however, phytoplankton made up over 
half the total POM. Zooplankton made up less than 1.8% 
of POM (0.18 mg«L_l) at all river stages in the main 
channel. In other habitats, the maximum mean was 3.4% 
(0.31 mg« L~'). Concentrations of dissolved organic mat­
ter for flowing water periods were 6 to 7 times POM levels. 
In summary, the amount of OC coursing through the MR 
appears to be far in excess of that required for biological 
productions, making the river a net exporter of OC to the 
sea. However, much remains to be learned about the quan­
tity and nutritional quality of OC originating from various 
sources. OC from upland sources may consist largely of dis­
solved humic acids or refractory particles by the time it is 
delivered to the main stem by tributaries, the more nutri­
tious fractions having been utilized or retained by upstream 
communities. High fish production probably requires a local 
source of primary production in the form of phytoplankton, 
aquatic macrophytes, periphyton, or floodplain vegetation, 
although the connection may be indirect, via the detritus 
pathway. 
Water flow patterns certainly influence fluxes of OM, but 
the processes have not been well defined. Floods transport 
OM from production centers, facilitate movements of 
organisms to sources of food, and enhance or retard produc­
tion of OM by scouring, mixing, leaching of nutrients, and 
altering light penetration. In the LMR and AR, inundated 
floodplains constitute 27 % or more of total water surface 
area and are important fish spawning and nursery areas. 
Young fish feed upon the plankton which develops in the 
expanded aquatic habitat, fertilized by nutrients released 
from the newly flooded soil. During both high and low 
flows, eddies along the banks may be important areas of 
concentration or production of organic matter (Adams 1986; 
Zimpfer et al. 1986). 
Commercial Fish Harvest 
The mainstem MR had commercial landings totalling 
5 126 t with an exvessel value of $1,942,000 in 1975, about 
19 % of the commercial landings in the total drainage basin. 
Four groups of fish accounted for 92.4% of the landings: 
buffalo (21.1%), carp (42.2%), catfishes (16.5%), and 
freshwater drum (12.6%) (U.S. Dept. Commerce 1978). 
The value of processed (fresh, frozen, canned, and cured) 
products was estimated at $5,000,000 in 1975. Based on the 
estimated total water surface area of the MR (255 370 ha) 
at lowflow, the harvest in 1975 averaged 22 kg«ha_1. 
Risotto and Turner (1985) concluded that fisheries of the 
MR basin as a whole are being exploited at nearly the 
optimal level (about 11 000-12 000 fishermen). Their con­
clusion was based on the observation that catch per fisher­
man declined and yields remained stable during the 1950s 
and 1970s, when fishing effort increased substantially. 
However, numbers of fishermen on the MR cannot be 
equated with numbers of licenses in determining catch per 
unit effort. In most states, one fisherman may purchase 
several licenses (e.g., one $10 license for 10 hoop nets, 
another for 100 ft. of webbing, etc.). On the UMR and 
MMR, commercial catch data in five states are turned in on 
a volunteer basis by fishermen to their respective conserva­
tion departments; the data are then compiled by the 
UMRCC. Because of taxes, catches may be under-reported. 
The number of licensed commercial fishermen in the UMR 
has remained relatively constant since 1984 at approxi­
mately 2 100 individuals, a finding that suggests traditional 
fishing territories and limited entry (Kline and Golden 
1979a; UMRCC 1953-1982). 
A slight upward trend in the reported harvest from the 
UMR occurred from 1953 to 1977 (Table 6), and that data 
may reflect increases in the stocks, increases in fishing 
effort, or increased efficiency of fishermen. Stocks might 
have increased commensurately with food supplies resulting 
from natural succession in the impoundments completed in 
the 1930s. As sedimentation occurred, the bottom was 
raised into the euphotic zone, and marshes and submerged 
macrophytes developed in many pools. They, in turn, could 
furnish detritus for the benthic macroinvertebrates, which 
are the preferred food for most commercial species. The 
introduction of light, durable nylon gill and trammel nets in 
the 1950s may have increased the efficiency of fishermen. 
Although an increase in the real value of freshwater fish 
might also stimulate increased fishing effort, evidence from 
Illinois indicates that wholesale prices (adjusted for infla­
tion) have remained about the same since 1920 (Sparks 
1984). 
Commercial catch in the UMR was directly related to total 
surface area of water in the navigation pools R = 0.90 
(Kline and Golden 1979a), R = 0.91, P < 0.01 (Lubinski 
et al. 1981). When this relationship was expressed as catch 
per unit area (CPUA), catches in Pools 8 and 18 were excep­
tionally high (Fig. 9). 
Other factors that influence CPUA are suggested by com­
paring the catch in the UMR with the catch in one of its 
major tributaries, the Illinois River (Table 7). The highest 
values of CPUA in the Illinois River in 1980 were from 
reaches with the largest proportion of backwaters and lakes 
connected to the river (Richardson 1921). Many of these 
areas were drained in the 1920s, and CPUA declined; 
nevertheless it was still greater there in the 1950s than in 
the Mississippi. The Illinois River CPUA data are from a 
362-km reach where the river occupies a large broad valley 
carved by the ancient Mississippi. The combination of low 
slope (2 cm •km-1) and oversize floodplain give the com­
paratively small Illinois the protracted flooding characteris­
tics of a much larger floodplain river. The drastic decline 
in CPUA between the 1950s and the 1970s in the Illinois 
are attributable to filling of the remaining backwaters and 
lakes with sediment and toxic pollutants that decimated the 
benthic macroinvertebrates on which commercial species of 
fish feed (Sparks 1984). Navigation dams on the UMR ini­
tially increased the non-channel aquatic habitats and 
lowered the low flow-slope in the downstream ends of the 
pools, thereby making the UMR more like the Illinois of 
yesterday and probably increasing CPUA. Some UMR 
reaches have already returned to their pre-dam habitat 
proportions (Olson and Meyer 1976a, b); in others such as 
Pool 19, beds of aquatic plants and marshes are rapidly 
encroaching upon open-water habitat. 
Commercial harvest data for the LMR and AR are 
TABLE 6. Average annual commercial fish harvest (kg) and average number of licensed commercial fishermen reported at 5-yr intervals 
from UMR Pools 3-26 and the MMR between 1953 and 1982 (Kline and Golden 1979a, UMRCC 1953-1982). 
1953-57 1958-62 1963-67 1968-72 1973-77 1978-82 
Carp 1 632 510 2 364 429 2 700 388 2 704 911 2 477 444 1 630 729 
Buffalo 831 955 1 165 021 1 118 134 1 262 889 1 101 415 1 123 775 
Catfish 731 435 845 335 770 389 649 860 661 090 635 510 
Freshwater 475 333 568 224 646 381 769 923 655 542 577 827 
drum 
Minor 239 880 200 151 198 809 231 679 269 892 271 841 
species3 
Total 3 911 113 5 143 160 5 434 101 5 619 262 5 165 383 4 239 682 
harvest 
Avg. no. 2 048 2 411 1 812 2 123 2 470 2 002 
fishermen 
Avg. catch 1 910 2 245 2 999 2 647 2 091 2 118 
Harvest6 22.9 30.1 31.8 32.8 30.2 24.8 
(kg*ha-1 
"Minor species include bullhead, carpsucker, sucker-redhorse, sturgeon, paddlefish, gar, bowfin, American eel, northern pike, crap-
pie, yellow perch, mooneye, and goldeye. 






(Source: Lubinski, Wallendorf, and Reese, 1981] 
FIG. 9. Commercial catch, CPUA (kg*ha_1), in the navigation pools of the Upper Mississippi River. The x-axis 
refers to the distance upstream from the confluence of the Ohio and Mississippi, and the width of the bars indicates 
the length of the pools. 
TABLE 7. Comparison of commercial catch per unit area in the 
Upper Mississippi and Illinois rivers. 
Upper Mississippi River Illinois River 
Year kg*ha 1 Year kg*ha 1 
1908 77.7 — 200.0a 
1953-62 26.5b 1950-59 45.6C 
1973-77 30.2b 1973-77 8.4C 
Sources: (a) Richardson (1921); (b) Table 6 this paper; (c) Bell-
rose et al. (1977); Sparks et al. (1979); annual reports of fisheries 
statistics of the U.S. published by the U.S. Department of Com­
merce, National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service, Washington, DC, 1950-77; 
water surface areas from Gilbertson and Kelly (1981). 
difficult to assess and may be unreliable because of inconsis­
tent methods of data gathering and reporting (Table 8). 
Records of Louisiana landings from 1966 through 1985 
were furnished by the New Orleans District Office of the 
National Marine Fisheries Service (NMFS). However, data 
for 1961-65 were only available through the Washington, 
D.C. Offices of the U.S. Depts. of Interior and Commerce 
and do not include landings from coastal parishes. This 
accounts for the relatively small CPUA for the 1961-65 
period. Each year from 1965 to 1977 (the last year when 
the statistics were published by drainage), CPUA reported 
by the District Office was 70-600 % higher than that 
reported by the National Office. Also, the District Office 
relies on wholesalers to furnish the number of fishermen 
(pers. commun. L.T. Usie, Fishery Reporting Specialist, 
NMFS, New Orleans), who often combine catches from the 
LMR and AR, or more frequently, report their LMR catches 
from the AR to obtain best price because of locally reported 
taste and odor problems in LMR fish. The data are further 
confounded by the fact that up until 1978 commercial 
catches were assigned to waters within states. Thereafter 
Louisiana's landings were categorized either as freshwater 
TABLE 8. Average annual commercial harvest (kg) of freshwater species for 5-yr intervals from 24 Louisiana parishes which border 
the Lower Mississippi River (RKM 0-797) and Atchafalaya River (RKM 0-507), 1961 through 1985. 
Year 
Species 1961—65a 1966-70 1971-75 1976-80 1981-85 
Carp 7 757 9 600 99 983 109 519 82 941 
Buffalo 228 223 219 804 657 162 1 540 305 1 060 961 
Catfish 1 852 981 1 263 382 1 832 757 2 519 866 1 802 759 
Freshwater drum 87 317 65 117 268 764 415 710 315 918 
Crayfishes 385 064 592 266 2 305 186 2 928 143 2 683 736 
Minor speciesb 2 657 849 8 544 958 4 619 217 1 680 562 630 903 
Total harvest0 5 219 191 10 695 127 9 783 069 9 194 105 6 576 218 
Total harvestd 1 696 237 2 724 162 3 934 778 4 540 418 — 
Average number 
licenses sold 1 807 
Catch/fishermene 7 275 
Harvest (kg*ha_l)f 24.4 50.1 45.8 43.1 30. 
Total Louisiana landings 771 012 120 
(freshwater and marine) 
aExclusive of landings from six coastal parishes. 
includes gars, paddlefish, and bait fishes. 
cAssumed 70% of total Louisiana freshwater landings for Louisiana. (New Orleans data; see text). 
dData from Statistical Digests, Fishery Statistics of the U.S., Washington Office. 
eAssumed an average of two licenses per fisherman (computed using total harvestc). 
cAssumed a constant average surface area of 213 500 ha (computed using total harvest0'). 
or marine; thus, it is difficult to sort landings by drainage 
within the state. Since 1978, however, it is possible to deter­
mine the share of total Louisiana landings comprised by 
selected commercial species. 
An average of 1 807 commercial fishing licenses were 
sold per year (1981-85) in the 24 parishes (including 
6 coastal parishes) bordering the LMR and AR (Table 8). 
While the 24 parishes represent 38% of Louisiana's 
64 parishes, they account for only about 20 % of all licenses 
(3c= 11 500) sold each year. To determine catch per fisher­
man, we assumed that each freshwater fisherman purchased 
an average of two licenses, and we estimated that 70 % of 
Louisiana's freshwater landings were made in the 
24 parishes bordering the LMR and AR. Freshwater fishes 
and crayfishes comprised only 3 % of the value of Louisiana 
landings and only 0.8 % of the average annual total fresh­
water and marine Louisiana landings during 1981-85. 
Shrimp, menhaden, oysters, and other marine species obvi­
ously make up the major portion of Louisiana's fisheries 
products (NMFS, New Orleans), making it the leading state 
in fisheries landings. 
Annual commercial harvests from the LMR and AR 
(1966-85) were highly variable because of changes in catch 
of clupeids and crayfishes, which varied by more than 300 
and 800 %, respectively. Because many fish species are two 
years old and others as much as four years old before enter­
ing the harvest and because of such additional variables as 
differing cohort sizes and dominant year-classes within each 
species, total catch does not vary in any single, predictable 
way with discharge. Moreover, the diversified local econ­
omy, culture, and market (year-to-year and within year) 
leads to variation in commercial fishing pressure regardless 
of the availability of stocks. Total fish landings in LMR and 
AR increased annually through the 1960s, peaked at more 
than 13M kg in 1971, decreased markedly in the 1970s, and 
have fluctuated between 3 and 9M kg since 1979 (Table 8). 
Apparently because of a continued price rise, the buffalo 
and catfish fisheries steadily increased or held constant at 
least until 1980, in spite of vigorous growth in local fish 
culture. While there was a 28 % decline in total landings 
in 1981-85 compared with 1976-80, crayfish landings 
declined only 8 % (perhaps reflecting the $.08/lb average 
price increase). 
Crayfish may be the best species to track to detect trends 
in LMR and AR commercial freshwater fisheries in relation 
to changes in habitat and water years. In the first place, the 
fishery is exploited; the price per pound has fluctuated 
inversely with the supply for the past 15 yr. Second, the 
majority of the catch and market are local; 95 % of the com­
mercial crayfish fishermen work in the AR. Third, only two 
species, Procambarus clarkii and P. acutus, are valued 
commercially and their value to the market has equalled or 
exceeded that of all other species combined for the past 4 yr. 
Finally, the species provide an annual crop (few live more 
than one year), and their life histories are dependent upon 
overflow habitats. High water years yield high annual 
crops. 
In the past 23 yr, annual value and total catch of cray­
fishes varied inversely on 19 occasions; the largest annual 
changes in crayfish crop value were associated with the 
greatest increases or decreases in total landings. Supply and 
demand phenomena are manifest each crayfish season. 
Prices are high in December or January when catches are 
low. If river stages have not inundated the swamp floor, or 
if water hyacinth nurseries have been frozen, catches may 
remain low and prices high throughout the spring. Without 
exception, total crayfish landings increased (and price 
decreased) with increased discharges, especially during 
warm, wet winters. During those years (e.g., 1973, 1975, 
and 1979) the entire AR swamp was inundated, and growth 
of terrestrial vegetation and water hyacinth (essential detri-
tal forage base and nursery) was encouraged (Bryan and 
Sabins 1978). 
The AR basin supports a significant sport fishery (Table 
TABLE 9. Estimated annual sport fishing effort and harvest (kg) within the lower Atchafalaya River Basin, 1971 through 1974 (modified 
from Soileau et al. 1975). 
Year 
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9). Almost 33 % of 286 316 people leaving the lower basin 
via three major highways were interviewed (1971-74). 
Nearly 24 % had participated in some type of recreation, and 
about 45 % were sportfishermen. Among the sport fisher­
men, from four to six times as many hours were spent boat 
fishing as bank fishing. Yield to the boat fishermen was sig­
nificantly higher, especially their catch of basses and crap-
pies (Soileau et al. 1975). The significantly low CPUE, as 
well as the reduced effort in 1973, was due to a 100-yr flood 
that did not recede from the swamp floor until late July. 
However, there was a predictable two-to-five fold higher 
catch of crayfishes and crabs during that year compared 
with previous and subsequent years. This increase was pre­
dictable in view of the fact that a positive relation was estab­
lished between area of AR floodplain inundated and yield 
of aquatic animals whose life spans approximate one year. 
Fishery Assessment Problems and Techniques 
Swift currents, large fluctuations in stage and discharge, 
deep water, wind-driven waves, floating debris, shifting 
substrates and navigation traffic are some of the obstacles 
to accurate assessment of MR and AR fishery stocks. Diver­
sity of habitats and environmental conditions generally 
preclude the utilization of the same sampling gear in all 
habitats, thereby confounding catch comparisons. Simi­
larly, the same gear cannot be used consistently in a particu­
lar habitat because environmental conditions change 
radically with river stage (e.g., changes from shallow, slack 
water to deep water and strong currents). Even the biology 
of fishes in large rivers may differ significantly from that 
in other habitats. UMR walleyes, for example, appear to be 
opportunistic, spawning successfully on rock as well as sub­
merged vegetation (Holzer and Von Ruden 1984). Further, 
river bottom character and structure are difficult to describe 
efficiently and accurately because hydroacoustic techniques 
have not yet achieved the resolution necessary to operate 
effectively in shallow areas. 
The MR is the political boundary for ten states. Conse­
quently, management programs are often ignored because 
no state has sovereign rights to the resource, and dollars 
used to manage it are often viewed as wasted. The MR is 
considered dangerous by many because of swift currents, 
obstructions, and large commercial vessels. It also bears the 
stigma of being polluted because it receives industrial and 
domestic wastes. 
To help overcome these problems, conservation agencies 
of Wisconsin, Minnesota, Iowa, Illinois, and Missouri 
formed the Upper Mississippi River Conservation Commit­
tee (UMRCC) in 1943. Located in Rock Island, Illinois, the 
UMRCC is coordinated by the U.S. Fish and Wildlife Serv­
ice ; its objectives are to promote the preservation and wise 
use of the natural and recreational resources of the UMR, 
and to formulate policies, plans and programs for conduct­
ing cooperative studies. The UMRCC provides biologists 
with a platform for organized action and a level of commu­
nication previously unattainable. There is no equivalent 
organization on the LMR. 
The first UMR creel census (Pools 4-11) was conducted 
by the UMRCC in 1944-46 (Greenbank 1957). A more 
comprehensive UMRCC effort (summarized in Table 10) 
covering Pools 4, 5, 7, 11, 13, 18, and 26 at 5-yr intervals 
was initiated in 1962 (Nord 1964; Wright 1970; Fleener 
1975). The census was expanded in 1976 to collect data on 
use of all aquatic and terrestrial resources (Fleener 1976). 
This latter technique, applied to a single pool, was adapted 
by the UMRCC to replace the 5-yr creel surveys. It has sub­
sequently been used on Pools 5 and 9 (Watson and Hawkin-
son 1979; Ackelson 1979). Budget constraints and staffing 
commitments to major interagency long-term planning and 
development projects have prevented further cooperative 
UMRCC surveys; however, more are planned and numer­
ous individual state creel surveys conducted on individual 
tail waters and backwaters have been completed. 
A variety of nets (Jackson et al. 1981) are used on the 
UMR: gill nets, trammel nets, seines, trawls (bottom and 
mid water), hoop nets, fyke nets, frame nets, and larval fish 
nets. In studies of main channel border habitats, Anderson 
et al. (1983) found bag seines and pulsed-DC electrofishing 
to be their most effective and unbiased gear when used at 
night. 
For electrofishing, the UMRCC recommends pulsed DC 
TABLE 10. Total estimated sport harvest for each species and each pool by number and weight (kg) from seven pools of the Upper 
Mississippi River during three identical UMRCC creel surveys (Kline and Golden 1979b). 
Species 
1962--63 1967--68 1972--73 
Number Weight Number Weight Number Weight 
Lake sturgeon (Acipenser fulvescens) 47 320 0 0 0 0 
Shovelnose sturgeon (Scaphirhynchus 
platorynchus) 199 81 22 25 359 218 
Paddlefish (Polyodon spathula) 0 0 0 0 101 137 
Gar (Lepisosteus spp.) 25 11 107 52 1 152 523 
Bowfin (Amia calva) 168 99 417 450 255 369 
American eel (Anguilla rostrata) 122 27 100 45 208 118 
Gizzard shad (Dorosoma cepedianum) 52 4 0 0 1 859 843 
Mooneye (Hiodon tergisus) 804 283 558 144 347 146 
Northern pike (Esox lucius) 12 241 20 239 22 435 42 772 12 306 25 593 
Carp (Cyprinus carpio) 11 203 12 535 17 185 25 574 16 467 16 765 
Suckers (Catostomidae) 432 309 1 332 1 059 2 297 1 606 
Blue catfish (Ictalurus jurcatus) 1 008 198 5 118 1 882 1 184 240 
Channel catfish (Ictalurus punctatus) 76 554 31 755 116 002 38 446 77 461 35 687 
Flathead catfish (Pylodictis olivaris) 4 276 4 621 3 479 2 397 5 884 4 212 
Bullhead (Ictalurus spp.) 25 742 8 754 29 112 5 107 14 720 3 983 
White bass (Morone chrysops) 123 556 45 753 100 524 33 098 140 617 55 566 
Yellow bass (Morone mississippiensis) 260 36 0 0 86 19 
Rock bass (Ambloplites rupestris) 1 205 208 2 916 342 5 671 899 
Warmouth (Lepomis gulosus) 72 10 2 019 212 45 5 
Green sunfish (Lepomis cyanellus) 160 14 4 404 293 16 978 1 857 
Orangespotted sunfish (Lepomis humilis) 76 5 0 0 0 0 
Bluegill (Lepomis macrochirus) 537 587 76 483 414 280 60 331 350 510 51 099 
Smallmouth bass (Micropterus dolomieui) 3 527 1 743 5 453 2 269 5 258 1 937 
Largemouth bass (Micropterus salmoides) 24 961 18 134 37 804 23 600 19 970 12 352 
Crappie (Pomoxis spp.) 397 322 79 779 366 469 85 240 219 445 54 930 
Other sunfishes (Centrarchidae) 5 069 579 4 827 551 6 989 854 
Yellow perch (Perca flavescens) 52 190 7 376 29 995 4 248 35 105 4 613 
Sauger (Stizostedion canadense) 85 062 39 226 116 480 51 688 213 242 77 214 
Walleye (Stizostedion vitreum vitreum) 34 116 31 514 77 347 59 783 92 811 59 436 
Freshwater drum (Aplodinotus grunniens) 94 224 37 293 153 806 45 602 159 849 66 136 
TOTAL 1 492 260 417 389 1 512 209 485 210 1 401 176 477 357 
Pool Harvest (kg*ha~') 
4 15.86 340 304 135 560 377 925 175 672 312 071 137 474 
5 13.58 195 620 55 746 134 081 59 529 168 937 77 655 
7 13.04 444 943 94 562 258 634 75 701 327 493 75 727 
11 9.58 191 259 54 126 290 458 64 830 329 446 112 315 
13 3.44 123 646 20 965 228 121 53 946 160 399 42 629 
18 5.83 105 024 41 217 140 437 37 951 14 852 4 022 
26 2.85 91 464 15 213 82 553 17 581 87 978 27 535 
TOTAL — 1 492 260 417 389 1 512 290 485 210 1 401 176 477 357 
AVG 9.17 — — — — 
Grand total estimated UMR harvest (Pools 1-26) 4 327 554 1 210 426 4 385 406 1 407 118 4 063 410 1 384 344 
Estimated harvest (kg•ha"1) for Pools 1-26 8.06 — 9.37 — 9.22 
Avg. catch rate (All species fish*h~') 0.869 0.884 — 0.901 — 
Avg. fishing effort (h«ha_l) 31.1 34.7 — 30.5 — 
units; however, some states continue to use AC units. AC 
units modified with deep water electrodes are used for sam­
pling main channel wintering fish populations (Grunwald 
1983). Efficiency of this gear is, however, limited since 
water clarity and buoyancy of stunned fish vary. 
Rotenone is the primary toxic chemical used, but it is no 
longer used in flowing waters due to volume requirements 
and risk of kill outside the target area. Pitlo (1987) recorded 
only 25 instances of rotenone use in the UMR. Primacord 
was first used to make standing stock estimates in main 
channel border habitats of Pool 13 in 1983 (Rasmussen 
1984; Rasmussen et al. 1985). 
Fish tagging (jaw tags and Floy tags) has been used exten­
sively on the UMR, at first to trace fish movements and 
more recently to estimate harvest. Fish tagging remains the 
method of choice for tracing movements of fish weighing 
less than 2 kg, but radio telemetry is now used extensively 
for larger fish. In the mid-1970s, externally attached trans­
mitters were used (Fossum 1975; Bahr 1977). Radio trans­
mitters have since been surgically implanted into the 
abdominal cavities of walleye, flathead catfish, sauger, 
buffalo, paddlefish, and largemouth bass (Holzer and Von 
Ruden 1984; Southall 1982; Talbot 1984; Pitlo 1985; Stang 
and Nickum 1985). 
Extensive seasonal movements have been documented 
within and between UMR pools for paddlefish (Gengerke 
1978; Southall 1982), walleye (Holzer and Von Ruden 
1984), shovelnose sturgeon (Hurley and Nickum 1983), and 
white bass (Finke 1966a). Localized seasonal homing move­
ments up and downstream to and from backwaters have been 
documented for flathead catfish (Talbot 1984) and northern 
pike (Finke 1966b). Van Vooren (1984) documented two 
cases of interpool movement of largemouth bass but noted 
that such movement was not common. 
Hydroacoustic techniques have been adapted for use in the 
MR, but only limited data have been collected. While 
individual fish lengths and weights as well as population 
density can be estimated with this method, the technique is 
not usable in shallow (< 2-m) waters, is expensive, and 
does not permit identification of fishes. At present, the 
method appears best suited for defining spatial distribution 
patterns of total fish assemblages in large deep-water 
habitats, especially in the main channel. Sonar has been used 
to study rough fish movements under ice (Strand and Scid-
more 1969), to document fish concentrations associated 
with bottom structure (MR Work Unit 1976, 1977), and to 
locate winter catfish concentrations (Larson and Ranthum 
1977). Seagle et al. (1980) employed side-scanning sonar 
to assist in the characterization of Pool 26 habitat. 
Wisconsin and Minnesota began successfully using 
SCUBA and photographic techniques in lieu of SONAR in 
the late 1970s to make observations of wintering condition 
of fish in Pool 4 main channel habitats (Hawkinson and 
Grunwald 1979; MR Work Unit 1979). Catfish become 
practically dormant during winter in UMR-1 through 
UMR-4, utilizing rocks and each other to provide shelter 
from the current (Hawkinson and Grunwald 1979; Talbot 
1982; Lubinski 1984). Talbot (1984) estimated these con­
centrations at 49 834 channel catfish*ha_l and 
2 491 flathead catfish • ha _1. 
Fisheries Management 
Introduction of Exotics 
UMR fish stocking began in 1872 with unsuccessful 
introductions of American shad and Atlantic salmon 
(Carlander 1954). The first carp were caught in 1880 at 
Hannibal, Missouri; they were common as far north as Min­
neapolis by 1890. By 1899, commercial catch from the MR 
and its tributaries included 5.4M kg of carp (Townsend 
1902). Coker (1930) attributed more than 44% (4.3M kg) 
of the 1922 U.S. commercial carp fishery to the MR. 
UMRCC records (Table 6) show estimated carp harvest in 
the UMR to vary from 1.6M kg for the period 1953-57, to 
a peak of 2.7M kg for 1968-72, with a return to 1.6M kg 
in 1978-82 despite little change in fishing effort. Kline and 
Golden (1979a) summarized commercial fish harvest 
(1953-78) and noted displacement of buffalo by carp as well 
as a decline in the carp fishery. Continued decline in carp 
harvest has been noted by the UMRCC Fish Technical Sec­
tion. A portion of the reduced harvest has been attributed 
to U.S. Food and Drug Administration restrictions on the 
sale of fish contaminated with PCBs and heavy metals in 
Pools 3 and 4 (Kline and Golden 1979b). However, Lubin­
ski et al. (1986) postulated that carp population declines and 
absent year-classes in the UMR may be related to poor 
recruitment during high or variable water years. 
The grass carp first appeared in the UMR commercial 
fishery in 1975 when 257 kg were recorded for Pool 25 
(Kline and Golden 1979a). Grass carp have since moved 
upstream to Pool 5A; reported harvest for the entire UMR 
in 1983 wat 6 051 kg (UMRCC 1985). Natural reproduc­
tion in the UMR has not been reported, but evidence of 
reproduction has been reported on the LMR (Conner et al. 
1980) and on the AR, Red, Black and Oachita rivers (Zimp-
fer et al. 1987). 
Introduction of striped bass and "wipers" (striped bass-
white bass hybrids) has been controversial (Skrypek and 
Sternberg 1978; Ackerman et al. 1978) because of fear of 
direct competition with walleyes. Neither Minnesota nor 
Iowa has been successful with striped bass introductions. 
Wipers are currently being introduced and evaluated in Pool 
14 (Stoeckel 1985). 
Other exotics such as salmonids, rainbow smelt, and gold­
fish appear as strays in the MR fishery (Table 4), but none 
occur in significant numbers. 
Fish Rescue 
Fish rescue programs began in Iowa in 1876. Their purpose 
was to salvage fish stranded in backwaters by seasonally 
receding water levels. Similar programs, begun in 1889 by 
the U.S. Fish Commission peaked between 1917 and 1923 
(Carlander 1954). Impoundment of the UMR in the 1930s 
stabilized water levels and ended fish rescue operations. 
Refuges 
The UMR Wildlife and Fish Refuge (UMRWFR) was 
established in 1924, the result of lobbying by the Isaak Wal­
ton League of America (IKES) for a refuge primarily for 
protection of smallmouth bass (Fairchild 1982). Today, the 
UMR contains three National Wildlife Refuges: UMRWFR 
— 78 975 ha (1924); Trempealeau National Wildlife Ref­
uge — 4 415 ha (1943); and Mark Twain National Wildlife 
Refuge — 13 090 ha (1958). Their major emphasis is 
migratory waterfowl management rather than fish manage­
ment as envisioned by the IKES. The MR is the only river 
in the United States that has been designated for two major 
federal purposes — commercial navigation and wildlife 
refuges. Conflicts between these two authorizations and 
project purposes peaked in the 1970s. The result was Public 
Law 99-662 (1986), which designated the UMR System as 
a nationally significant ecosystem and a nationally signifi­
cant commercial navigation system, and authorized a major 
( $190-M, 10-yr) Environmental Management Program 
(EMP) for the UMR and selected navigable tributaries. 
Three wildlife refuges are located along the LMR in the 
Head-of-Passes area: Delta National Wildlife Refuge 
(19 440 ha), Bohemia Wildlife Management Area 
(13 365 ha) and the Pass a Loutre Waterfowl Management 
Area (26 730 ha). 
Regulation 
Harvest regulation began between 1895 and 1925 
(Carlander 1954) with the establishment of license fees for 
commercial and sport fishing in each state bordering the 
UMR. Regulations proliferated, and conflicts over regula-
tions and boundaries led to the organization of the UMRCC 
in 1943. The UMRCC has tried to standardize UMR fish­
ing, hunting and boating regulations. Today, reciprocity is 
the general rule and standardization is the goal. 
Recently recommended regulation changes include a 
30.5-cm length limit for UMR catfish taken commercially 
(Helms 1969) and a 38-cm length limit for largemouth bass 
in pools 16-19 (Van Vooren 1984). Some emotionally and 
politically based regulations remain. One of these concerns 
walleye fishing during the spawning season in the UMR 
between Minnesota and Wisconsin. Another recently 
resolved problem concerns the prohibition of boating in the 
prime sport fisheries of lock and dam tail waters. The 
US ACE imposed a 91.5 m closure for safety reasons in the 
early 1980s. Through negotiation and political compromise, 
this restriction was reduced to 45.8 m in return for state 
cooperation in enforcement. 
Habitat Management 
Prior to environmental legislation of the late 1960s 
(National Environmental Policy Act), only minor attempts 
were made to manage MR habitats. Public Law 697, passed 
in 1948 and known as the Anti-Drawdown Law, was proba­
bly the most significant habitat management completed dur­
ing that period. It ordered the US ACE to maintain UMR 
navigation pools "as though navigation was carried on 
throughout the year." In earlier years, pools were drawn 
down in winter to increase capacity for spring floods; the 
result was devastating losses to fish and wildlife populations 
(Greenbank 1946). 
In the 1970s, growing public support for environmental 
protection and management led to lawsuits over operation, 
maintenance (dredging), and expansion of the 2.7-m naviga­
tion project. The lawsuits, in turn, led to major interagency 
studies (GREAT I, 1980; GREAT II, 1980; GREAT III, 
1982; and UMRBC, 1982). Habitat management and 
rehabilitation became a major thrust of these studies as biol­
ogists proposed new techniques such as opening and 
rehabilitating backwaters (Fremling et al. 1976, 1979; Niel­
sen et al. 1978), altering wing dikes and closing dams 
(Boland 1980; Grace and Weithman 1983; Pierce 1980), 
using larger rock for revetments (Farabee 1984), creating 
islands (Kennedy et al. 1979), protecting shorelines (Love-
joy and Kennedy 1979), and evaluating their effectiveness 
(Claflin and Rada 1979, 1980; Hall 1980; Talbot and Par­
sons 1985). Mitigation and enhancement techniques for the 
MR and other large rivers were compiled by Schnick et al. 
(1982). 
In 1983, the UMRCC summarized potential habitat 
rehabilitation and enhancement projects for the UMR and 
Illinois rivers (Rasmussen 1983), estimating a need for at 
least $205M (1983 dollars) in habitat rehabilitation. 
Projects included backwater dredging, dike and levee con­
struction, island creation, bank stabilization, side channel 
openings/closures, wing and closing dike modifications, 
aeration and water control systems, waterfowl nesting 
cover, acquisition of wildlife lands, and forest management. 
Public Law 99-662 (1986) authorized a $124.6-M, 10-yr 
habitat rehabilitation and enhancement program for the 
UMR System as part of the larger $190-M EMP, and this 
program is being implemented through an interagency (state 
and federal) effort. 
The USACE (Lower Mississippi River Environmental 
Program) is developing environmental design considera­
tions for navigation and flood control works on the LMR 
to improve habitat associated with levee borrow pits, dike 
systems, and revetments. Although none of these measures 
is specifically for fisheries management, some fish popula­
tions would be benefitted. 
Stocking 
Current UMR stocking efforts in Pool 14 by Iowa and 
Illinois include alternate year stocking of "wipers" and 
walleye (raised to fingerling stage in cooling ponds at the 
Cordova nuclear power plant) (Stoeckel 1985). The wiper 
is seen as a new trophy species that would utilize large giz­
zard shad; river-strain walleyes are being stocked to supple­
ment natural reproduction. Stocking, however, has not and 
is not expected to be a major part of future river manage­
ment. In 1981, the UMRCC Fish Technical Section pre­
pared a position statement opposing maintenance stocking 
of native species as acceptable mitigation for deteriorating 
spawning and nursery habitat (UMRCC Ann. Proceed. 
1982). 
Management Problems 
Unfortunately, the needs of fishery and waterfowl 
managers do not always coincide; conflicts over water-level 
requirements were summarized by Boyd and Harber (1981). 
Even though fisheries interests provided the initial justifica­
tion for the first UMR refuge, the national interest in migra­
tory waterfowl has taken precedence. Not until 1981 was 
a fisheries manager employed by the USFWS to develop 
fish management plans for UMR national wildlife refuges. 
Public attitudes toward the river vary from north to south 
and are related to both biological and socioeconomic fac­
tors. Less-developed reaches offer aesthetic beauty and 
environmental benefits, while more-developed reaches may 
be aesthetically displeasing and unappreciated. Attitudinal 
differences are reflected in public investments in the river. 
On the UMR, for example, Illinois and Missouri share the 
longest river reaches and share in the largest investments in 
commercial navigation and its benefits; however, they 
employ the fewest river fisheries biologists of the upper five 
states. The same holds true for states along the MMR and 
LMR, where in some cases no state biologists are assigned 
river responsibilities. Further, virtually all public lands 
along the MR apparently are located in northern UMR 
reaches (UMR-1 through UMR-5) or along the AR, result­
ing in more apparent public interest in environmental 
preservation in those areas. 
Effects of Cultural Intervention on Fish 
Resources 
Detrimental effects of sedimentation in the UMR were 
recognized as early as 1930 by Ellis (1931). Soil conserva­
tion practices improved after the 1930s, but wetland drain­
age and stream channelization increased. Navigation pools, 
constructed during the 1930s, serve as sediment traps and 
experience average sedimentation rates up to 5 cm*yr._I. 
Within 50 yr, unless management action is taken, most of 
the UMR will consist of a main channel bordered by dry 
land, shallow marshes, and some running sloughs (UMRBC 
1982). 
Poor land management causes increased lowland flooding 
and has produced a need for flood protection levees, espe­
cially along the LMR and MMR. These levees have isolated 
the river and its fisheries from its floodplain in most areas, 
reduced flood storage capacity, and led to higher flood 
crests (Simons et al. 1975), thereby creating a need for more 
levees in previously unflooded areas and along the lower 
reaches of tributaries. Levees have encouraged develop­
ment, and, as a result, fisheries habitat behind levees has 
been drained and filled. Flood control works have greatly 
decreased the amount of floodplain available as nursery, 
spawning, and feeding habitat. Further, many floodplain 
lakes have been isolated from river overflow and no longer 
serve as habitat for river fishes. 
The growing environmental awareness of the 1960s and 
the subsequent enactment of NEPA, as well as the declining 
commercial fishery and worldwide concern for contamina­
tion of fish flesh, led to increased monitoring and restric­
tions on domestic and industrial effluents in the MR. Wiener 
et al. (1984) reported that concentrations of toxic trace ele­
ments (As, Cd, Cr, Fig, Pb, Se) in carp were generally 
highest upstream from, at, and immediately downstream 
from Minneapolis/St. Paul. Concentrations of Cd, Hg, and 
Pb in bed sediments were generally much higher and more 
enriched in Pools 1,2, and 4 (Lake Pepin), which are at and 
downstream from Minneapolis/St. Paul. The Min­
neapolis/St. Paul area is the major source of PCB input as 
determined by monitoring of fish and sediments. Long-term 
studies of PCBs in fish from Pools 2-9 indicate a definite 
downward trend attributed to state and federal laws restrict­
ing discharge (Pers. commun. J. Sullivan, Wise. Dept. Nat. 
Resour.). In 1986, however, Minnesota continued to issue 
warnings against consumption of large catfish and carp from 
Minneapolis/St. Paul to LaCrosse, Wisconsin (RKM 2 658) 
primarily because of PCB contamination (Minn. Dept. 
Health 1986). Missouri has issued similar warnings along 
its reach for chlordane contamination (Grace 1987). 
Improved waste treatment facilities in the Min­
neapolis/St. Paul area have caused marked improvement in 
general water quality during the past decade, resulting in 
recurrence of Hexagenia mayflies (Fremling and Johnson 
1988), increased fish diversity, and a more normalized com­
parative abundance of game and nongame fishes (pers. com­
mun. J. Enblom, Minn. Dept. Nat. Resour.). 
In the early 1960s, reports of fish kills in the LMR below 
Memphis and in the AR increased until state and federal pol­
lution control agencies were asked to investigate the 
phenomena. In 1964, they recommended that endrin dis­
charges from industry and land drainage be brought under 
control. A 3-yr study (1966-68) of the LMR and AR 
showed: (1) that endrin was slightly, but equally soluble at 
all river temperatures and toxic in concentrations from 10 
to 40 jwg*L_l; (2) that commercial species (marine and 
freshwater) were variously resistant and that some devel­
oped resistance; (3) that endrin concentrations peaked in 
1964 and declined after the sources were pinpointed ;(4) that 
no additional kills were reported after winter, 1964; (5) that 
fish community diversity had recovered by 1968 but that 
there was a paucity of larger size groups of long-lived spe­
cies (Anonymous 1969). 
Industrial and municipal discharges have increased in 
number for the past 15 years between St. Francisville 
(RKM 424) and Venice, Louisiana (RKM 16) (Everett 
1971; Wells 1980; Romanowsky 1984). Currently, there 
are 130 industrial and 29 municipal discharges 
> 50 000 gal• day on the lower 425 km of the LMR, 
95 % of which are between Baton Rouge and New Orleans 
(La. Dept. of Environ. Qual. 1985). There are only 
4 industrial and 6 municipal point-source discharges in the 
entire AR Basin. Discharges of lesser volume are not 
regarded as significant, either in number or impact. 
Expanded use of the MR for commercial navigation has 
been a major political issue since the early 1900s (Scarpino 
1985). Water-level fluctuations from pool management, tow 
traffic, and bed degradation have significant impacts on MR 
fisheries. Flow alterations and channelization lead to the 
filling of backwaters and main channel border habitats by 
enhancing the river's natural sediment sorting capabilities 
(Simons et al. 1975). Main channel sediments are primarily 
sand, while backwater sediments are composed of silt and 
are often contaminated with heavy metals, PCBs and pesti­
cides. Most MR dredging is navigation-related and con­
ducted in the main channel. Sand disposal on the UMR and 
MMR may cover more productive substrates and fill wet­
lands. 
In Pool 5A (Anderson et al. 1983), 45 % of the original 
combined length of wing and closing dam structures has 
been lost either through burial or erosion. Sand was the 
dominant substrate in the main channel border of Pool 5A, 
underlying more than 70 % of the water surface area under 
low-flow conditions. Rock substrate was found only on the 
control structures, which underlie 5 % of the total water sur­
face area. 
Carmody et al. (1986) summarized the direct impacts of 
UMR commercial navigation, reporting that towboats scour 
the channel with their propellors, increase turbidity, erode 
shorelines, and entrain and impinge fish. Their barges pose 
the threat of toxic spills and may damage riparian and littoral 
habitats at fleeting areas. 
Value of the Resource 
Unlike most tropical rivers and much of the LMR, the 
HW and UMR are easily accessible by road and numerous 
launch ramps. Sport and commercial fishermen routinely 
use sonar and other sophisticated gear. The UMR alone pro­
vides over 30M activity days annually (UMRCC 1982). 
Using current figures (USFWS 1982) for recreational activ­
ity expenditures, UMR recreation contributes as much as 
$0.75B annually to the regional economy. Sport fishing on 
the UMR accounts for over 8.5M activity days/yr 
and $150-175M annually in first-market expenditures. 
On the AR alone (there are no data for LMR) during 
1971-74, there were annual averages of 0.97M daytime 
recreational trips valued at $42.4M (Soileau et al. 1975). 
While conflicts between uses are inevitable, increased 
recreational use of the river should lead to increased aware­
ness and increased concern for environmental protection. In 
the long run, therefore, recreational use of the MR should 
benefit most MR fish and wildlife interests. 
Due to habitat loss, environmental contamination, and 
conflicts with navigation, the commercial fishery has been 
declining since 1970 (Table 6). Although commercial 
fishermen are trying to speak out (Rasmussen and Harber 
1981), to become involved in political decisions, and to cre­
ate new markets for their products (Cady and Ramer 1985), 
the industry as a whole is poorly organized. 
Sport fishermen, on the other hand, are growing in 
strength. Their organizations are educating and organizing 
anglers, especially in the HW and UMR; they also have 
contributed money and equipment to state research efforts. 
Both sport and commercial fishing appear to be adequately 
regulated on the HW, UMR and MMR at the present time. 
Fishing regulations are far less restrictive on the LMR and 
AR but are considered adequate because the fishery seems 
to be accommodating the market. 
Outlook for the Future 
The long-term future for MR fisheries is not predictable, 
but the outlook for the next 10 yr is encouraging. The 1985 
Farm Bill provided for 10- to 15-yr conservation reserves 
on highly erodible lands; up to 18.2M ha will be placed in 
this reserve annually through 1990. Most of the HW and 
UMR states have floodplain zoning laws in effect and in the 
future non-water-dependent developments will be difficult 
to locate there. Farm economics may even dictate that some 
levee and drainage districts be sold back to the government 
for fish and wildlife habitat. Navigation enhancement 
projects will be limited by the 1986 enactment of the Water­
ways Trust Fund whereby new expansion must be cost-
shared by the industry. Over the next 10 yr, the EMP pro­
gram will include: (1) long-term resource monitoring, (2) 
habitat rehabilitation and enhancement, (3) recreation 
improvements and studies, (4) navigation traffic monitor­
ing, and (5) computerized inventory and analysis on the 
UMR and MMR (USACE 1985). MR resources will appar­
ently be increasingly difficult to exploit without providing 
adequate mitigation. 
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